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PREFACE

'll_e evolution of tile Kennedy Space (:enter as the launch organization for Almllo/
,_{gtlFlff,'n V :inv{_l.ved tllt:_ concurreld SOlllt]Ol'l t)f nlllllOT'tJtl._l COmll]t_x prol)lems. A s:ip_lli.-.
ficanl illC??o.ase ill manpower was involv_:'d. Large and conlplox checkout alld ]lillllCh

facilities were to he designed and cgnstrlleted, iixpansion of operational calm-.
biliti.es required the establishment and integration of a dove_n,nent_C,mtractor
operat i.oDal team.

From an initial cadre of approximately 20(} civil service personne] of tile Array
Balli'_tic M:i.,;sile Agency, transferred to NASA in 1960 following its establishment,
expansion co the _resent civil service level of 2,900 occurred :in the last ._;even
y _: aTs.

Established within NASA as a directorate of the Marshall Space Flight Center, KS(',
achieved center status in 1962. With its designation as a Center, KSC accomplished
the development and staffing of an organization that could perform procurement,
resources, financial, and other management requirements formerl.y provided by the
parent organization.

In addition to continuing launch operations for established programs, KSC under-
took the design and construction of large, new, and unique launch facilities for
Apol lo/Saturn V.

With the expansion of the civil service work force, KSC integrated contractor organi
zations employing 23,000 personnel at the Center to perform specific operational

and support missions under the technical supervision and observation of the Goveml
meat team.

The management techniques, organizational concepts, and continuing efforts utilized

to meet the hpollo goals and challenges are discussed in this document.

Kurt II. Debus, Director

John F° Kennedy Space Center
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SECTION 1
INTRODUCTION

PURPOSE

This document provides a description of the managementfunctions applied to the Apollo
ProgramManagement System at the Kennedy Space Center (KSC). The information

contained herein is designed for use as a basis for presentation to government officials_
professional management, and other interested organizations.

SCOPE

This is oneof a series of documentsdiscussing managementfunctions for the Apollo/
Saturn Programat the Apollo ProgramDirectorate (NASA Headquarters)at the Center,
andat the major contractor levels. This particular documentrepresents the KSC scope
of Apollo ProgramManagementand addresses itself to the KSC organizationalconcepts,
managementphilosophyt and the application of managementsystem elements to respondto
the impact of the Apollo Program andthe successful accomplishmentsat this Center. An
outstandingexample of the effective use of these managementtechniquesat KSC is fully
discussed in Section 5, and plans for managementimprovementsare highlighted in
Section 6.

Since approximately 20,000 people (predominantly contractor personnel)located at KSC
are organized in a commoneffort to assemble, test, and launch space vehicles, the problems
facing them in the performance of this effort are many and varied in nature. Answers to the
following and many more similar questions represent the scope of KSC Apollo Program
Management:

How are 20,000 people motivated and their efforts pulled together toward common
goals?

How are the multiple interfaces coordinated ?

How does an agency like KSC handle the logistics involving over 3-1/2 million
spare parts ?

How can KSC assure that there are no overlaps in functions_ duplications of effort_ or
unnecessary expenditure of funds ?

What managementcan be effectively applied to design, reliability, test, and
operations, etc. to assure performance integrity?

Itow is the mammothflow of documentation that goes with a Researchand Develop-
ment project of this nature control led?

How are daily and long range schedules of these 20,000 people developed to
ass.re that there are physical rooms and work areas for them to work in during any
giveu day to accomplish their jobs?

1-1
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CENTER FUNCTIONS AND RESPONSIBILITIES

The role of the Kennedy Space Center in the Apollo Program is to provide overall
managementand administration of NASA activities at KSC and the Eastern Test Range
(ETR). Basic functions identified as KSC responsibilities are those which:

a. Prepare, assemble, integrate, checkout, and launch NASA space vehicles.

b. Develop new launching concepts; design, construct, and install launch
facilities, including ground support equipment (GSE).

c. Operate launch complexes and various technical services in direct support of
launch team.

d. Assure configuration control of flight hardware to Development Centers.

e. Furnish base installation and administrative support for all NASA operations.

To say that KSC exists only to launch space vehicles is a gross oversimplification of
fact. KSC presents a unique situation where all program variances come into focus.
Management philosophy is applied to all levels and all disciplines to provide an
optimum blend of products, materials, and personnel°

These multiple functions and responsibilities have necessitated managementaction by
the Center Director in the development and implementation of an organization strong
enough to fulfill center commitments yet flexible enoughto respond to changing program
requirements. Within this organization are found the technical expertise necessary to
fulfill the Center obligations and the functional specialists through whom the manage-
ment systems are implemented.

KSC RESOURCES

The Kennedy Space Center is located on Merritt Island adjacent to the Air Force
Eastern Test Range(AFETR) mainlandfacilities in the East Central Florida Coastal
Regionas shownin Figure 1-1. The land area comprises approximately88,000
acres, representingan initial acquisition cost of $78,000,000.

The Apollo Programgoal providingfor a landinguponthe moonby manand his safe
return to earth by 1970 has imposedsevere managementchallenges uponKSC. The
rapid expansion of manpower_operational activities, and facilities necessitated by the
rigid time constraints involved have created managementproblems of unparalleled
magnitude. The impact upon KSC resources is further identified in the paragraphs that
follow.

1-2
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KENNEDY SPACE
CENTER

_\_ M,,NL,NO

Figure I-I. Location of Kennedy Space Center

MANPOWER

The work force at KSC is composedof Civil Service and civilian contractor personnel.
The manpowermix results in a large majority of contractor personnel who predominate in
the operational activities of the Center. Civil Service personnel, however, occupy the
nuclei of key positions which provide managementguidance and direction, drawing
supportfromcontractor_as required. The phenominalrise in employmentfromapproxi-
mately 420 to morethan 20,000 in the short span of 7 years is shownin Figui_ "1-2.

Someof the manpowermanagementchallenges faced by KSC are to provideadequate
control over sucha diverse andchanging population, to provide a flexible organization
able to react quickly to changes in work requirements, to acquire the wide
variety of required skills on a timely basis, and to avoid redundancyof effort and over-
expansion.

i-3
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Figure Z-2. Employment Trends at KSC

Civil Service Participation

The Civil Service manpowerconsists of a preplanned structure of specific positions for
which descriptions have been approved to formulate the policy of one job for one body.
Control of contractors is effected through use of a contract which specifies a given
increment of work to be performedwithin a predetermined period of time for a negotiated
numberof dollars.

In these efforts, the Civil Service complementplays a dual role. Approximately 40 per-
cent direct their efforts to the task of managing and operating the Center. Wherever
feasible the functions under this task are integrated to include programsupport., parti-
cularly in the accounting, procurement, contract and personnel administration, safety,
and security functions. The remaining 60 percent are devoted to technical program
managementwhich includes the direction and monitoring of contractor efforts and the
exchange of technical information with other NASA and governmentagencies.

Contractor Participation

During the construction phase the manpowermajority was divided amongmany contractors
and subcontractors associated with the building trades. As construction progressed
to completion, this type of personnel was replaced with technicians for the installation
and validation of the ground support equipment. These, in turn, are being phased out and
the equipment operators plus the personnel engaged in assembly and testing of the space
vehicles form the contractor population. This is resulting in a steady increase in the
professional and specialist skills as system implementai.lonreceives moreemphasis.

1-4
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FINANCE

Referencesto (jross expertditures l)y NASA and KSC arc misleading in that they do not
distinguish between rf_'currir4t_nd nonrecllrrillq c{)st_;. the, htld_..tet,however, as a
managementtool i,_effectively apldie(l for i_,olatiri_i proyranl c._'._tsfr_nl Center admin-
istration and construction. At I(SC, as in any well._.maiiagedindustrial plant, the
budEletis used to differentiat_ hetween the dnllar_ needed [_r production (Apallo Programt
etc.)_ for admini.stration _mdmaintenance_ and l:_rcapital investment. Tim budget
d_llar at KSC is applied b)tlw(:e cate.qories: Resear(;l_and Development (R&D),
Construction of Facilities (C of F), and Administrative Operati{ms (AO). Apollo program
tasks represent an applical:ion for research and development dollars. The individual
budget items are carefully evalual;ed against the s,;opc and j_istification described in
the ProgramOperating Plan. Only wh_n an il:emis considered necessary is it assured
of being included irl l.lle budyel.. Suhsequent t. ,q)proval, the budget becomes the
checkpoint for obli!jatir)t_so Basically, the same practice holds true for dollars needed
to operate the Center. Tllis blad!tet, however, is less cnmplicated since the adminis..
trative and niaird.enan(:;ecosts cni_he accurately projected and are less wllnerable to
radical change-_in requirements. The constru(;lion l)udget represents a carefully
considered programfor the development of new facilities or the expansion or modification
of installed facilities° The C of F budget is based on the requirements reflected in
Center plans which are projected over a 5=year period and itemized by individual pro-
jects.

As the constructi()n of facilities pruyram nears completioll, the bulk of the KSC budget
is to be applied to operational support in the R&D catec]ory. A graphic portrayal of
this is shown in Figure i-3 with the crossover point occuring early in FY-66.

361.1 3lt413 196.3 216,9 351,0 461.7

5_ .....

i ,,, i i

400 ....

_o

_\

\' _!f: .0

Fi(:llwe :l "'5. l:mldi_!_ Summaryat I(SC
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FACILITIES

At I<SC, facilities never before envisioned in the history of man have been developed
to SLal_l_or[theAt]ollo Proqranl. A prime example ofthistype faciliLy is Launch Complex
39 (LC-39) which contains tile world's lar.cjestbuildinq (by cubic content) at time of
constrHction. Witha capacity for housing foHr fully-erectedAimllo/Saturn Vspace
vehicles, this huildin_l is the Vehicle Assembly B_tildinq (VAB) wl_ictl is 525 feet
hkjh with overall dimensions of 716 by 518 feet. The complex also ilmcludesthree
Mobile Launchers (MLs) with individual platform areas lar(jer tllall a football field,
two Crawler-Transporters(OTs), one Launch Control Center (LCC) with capacity for
four instrumented firing rooms, one Mobile Service Structure (MSS], and LwoLaunch
Pads(Aand B). The various elements of LC-39 are pichtred in Fi_lure 1-4 which
shows an Apollo/Satl_rll V Space vellicle bein_j transporte_l oil tile ML by CT to tile
Pad from the VAB.

Figure 1-4. LC-39 Facilities

The construction cost of approximately 500 million dollars for LC-.39 is furtherevi-
dence of the magnitude of this project, To achieve its completion on schedule within
the budgetary constraints despite thousands of development changes during construction
and to assure that all the equipment and hardware items interface properly to provide for
effective integrated operation of the complex have presented problems of paramountpro-
portions (see Section 5 for additional details) to KSC management. Some idea of the
structural complexities involved is shown in Figure 1-5 which presents a close-up view

1-6
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of I_l_eM L and MSS as Lhey inLerlace wil.ll [h_ Sl_a_:',_/_t,i{: I< Io permit prelaimch check-
out at the Pad.

Two additiollal launch conlplexus, 3'-:1.alld 37, ll:lw_,lJ_.<i__t_,lilic.d !_olauiich Anollo/
Uprated Saturn I space vehicles which also play a mi.ij<_rlfltL, ill /lic Apollo Program.
Installatimls for communical.ions_ data processillq, ;_,_,__!Jt!/,_i,t <;hc.'cl¢ou[of spacecraft_
testillg of OOIllpOllelll:S_ flight crew l.l'aillin_ and pn:tli_ll_l _,l,,r'_tioil!:_, iIl_lilltellallCe of

faci lities and hardware_ and accommodations,I:orI_._.l_iii_;:_l;!iul ;idlllillis[rative personnel
comprise other facilities reqliired to slq_portI:1/_Imlil_;l__lh_rl,_;_1.KSC.

Figure 1-5. LC-39 Pad Config_,ration

1-7
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The total capital plant investment of clos_ to oue billion dollars in KSC facilities
(Figure 1-6) satisfiesnot onlythe rc;quirementsfor the Apollo program,but also
representsan Investmentfor fut=_respace pro_ram_utilizing Apollo vehicles, An
immensecapability hasbeene'_tablir_hedthat will serve thi_ nation in theyears to
come.

K_ _ PI.ANT VA_UE (CUMUL4TIVE,)
AROI_O/_,ATUlttlI.a/g _AUiVOHFACI&ITll6 60Ha#UI,6

#00

0| t,_

Figure1-6. KSC Capital Plant Investment
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SECTION 2
PROGRAM MANAGEMENT PHILOSOPHY

BASIC PHILOSOPHY

General Samuel C. Phillips, _l]eApollo Pro!]ram Director, has stated that, "Program
Management . . . in the final analy._is ° . (i_) doing what you said you would do."
To accomplish thi_ within defined program goals ;.indparameters, a plan with measurable
milestones is developed, ;! commitment i5 madeto those milestones, and then the job is
done. More specifically, Proqrarn Management is assuring that an organization meets
its programgoals, within defined performancespecifications, co_;ts, and schedules.

In a large complex programsuch as Apollo, a basic requirement is to effectively and
efficiently couple the many diverse organizations and sl<ills in most of the sciences and
professions. Regardless of where the fliqht hardware is designed or fabricated, it all
ultimately ends up at the Kennedy Space Center where it is assembled, testedand launched.

Here all of the stage contractors meet for the first time. Their hardware must accurately
interface with hundreds of millions of dollars worth of ground support equipment and
facilities. Over 20,000 people are organized in a commoneffort at this final siLe where
the Apollo Program starts its final phase of placing a man on the moon -the launch!
Figure 2-1 illustrates the [tniqueness of this impact upon KSC.

APOLLO IMPACT AT KSC

MANNED SPACEFLIGHT CENIER MARSHALL SPACE FLIGHT CENTER

" ' '
P : ; "] A
A U
C " N

A V

F 2, ,._,.., E

C

70,(11)0NASA CONTRACTOR TEAM

Fiqllre 2-!. Apollo Imp;tct at KSC
2-1
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In the past, programmanagementcould be comparatively informal. There were many
programswherea mancould be an outstandingmanageron the basis of his personal in-
telligence and personality as opposedto his knowledgeof manageme_LI.echniquesand
availability of qualified staff. The current rate of changeof technology, how._ever,and
the capability of organizationsand peopleto exploit technologypresentsa considerable
challenge to management. Managementmust knowhow to do biggerthings faster. In
these massive programsit is mandatorythat the Managerformalize managementsystems
to guaranteethat the thousandsof persnnsirwolved, within his sphereof responsibility,
are implicitly aware of policy, p_licy changes, and programspecifications and know
what decisions have been made so that they may quickly becomeaware of what must
be done to complywith programrequirements. Deviation from procedurescou=dhave an
adverse impacton the program. The space program,particularly a program_ofthe magni-
tude of Apollo, is evidenceof managementability to do bigger things faster and of the
demandon managersto see that they are done. The challenge is to harnessthe tech-
nological capability and to use it to progressandproduceresults at a rate that is com-
mensuratewith the capabilities that technolc,_jyrepresents.

In responseto this challenge, KSC has applied a philosophythat allows managementto
keep pace within a continually changingenvironment. The philosophyi_ that of manage-
ment by exception, that is, the concentrationof managementattention on p_oblemswhile
maintainingan awarenessof those activities proceedingsatisfactorily. This forms the
basis for programmanagementat KSC.

HALLMARKS OF PROGRAM MANAGEMENT

Effective managementis attainable throughthe use of integratedmanagementsystems
which apply the four hallmarksof programmanagement(Figure2-2):

a. Plans and baselines
b. Communication
c. Managementdiscipline
d. Visibility of status and progress

PLANS AND BASELINES

The primefoundationof any programis its completedescriptionand goals. The first
action taken is to define what is goingto be doneand to recordit in a programplan. This
is doneto establish requirementsand to serveas a baseline against which management
can judge progressand take action as the programunfolds. In defining what is to be done,
it is necessaryto say what.-- establish the objectives andrequirements;to say when --
not just final completionof the program,but detailed checkpointsall the way throughso
that the rate is establishedand progresscan be measured;andalso to say who is going
to do ii:. The mechanismfor doingthis is to providea simplework breakdownstructure
so that there is clarity of assignmentsand peoplecan efficiently workon whatthey are
suppo._edto do without overlappingefforts or gaps. Cost planning has to be worked

2-2
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out sufficiently so managementwill not have to spend a lot of time fighting problems
that could have been avoided by proper cost planning.

In defining what will be done at KSC, it must also be established how it is going to be
done. Once the baseline is developed, decisions may be made forc_nge from a stable
point of origin, progress can be measured, and trends developed.

COMMUNICATION

After the programis baselined, the informationmust be disseminatedto all participating
employees at the various levels of activity. Further, all changes to that baseline must
be communicated. The basic approach is achieved by:

a. Clearly defined organizational flows
b. Development of sub-plans
c. Controlled distribution procedures
d. Good inter-management relationships
e. Periodic program reviews
f. Dynamic Information Centers
g. A system of daily communications

With these, the programmanagerhas the ability to bring his team together to work toward
the commongoal and has the ability to quickly inform his team of shifts in plans.

MANAGEMENT DISCIPLINE

Plans, baselines, and goodcommunicationmeannothing if the line organizations and
middle managementdo not have an incentive to comply. In large programs it is difficult
to have sufficient visibility to assure that approved implementation is taking place. As
a result, guidance may be ignored by many people (by choice or incompetence)and not
be detected until considerable programdamagehas occurred. Managementdiscipline may
be achieved by managementcontrol systems which provide:

a. Strong and consistent top management
b. Extensiv _.implementingprocedure_
c. An environment of mutual respect
d. Clearly defined organization responsibilities
e. Compliance by effective "feedback"

Practices of discipline, called programdefinition, have emergedbecause there have been
false starts or slow starts which did not produce. In many cases this was caused by
managementthat was not committed to what it would do, what it would pay, when specific
tasks would be accomplished, and when the programwould be completed. Program



definition_ howeveraccomplished,compelsmanagementdecisionon these itemsat the
outset. It forcestheengineersandprogrammanagersto describehowtheyaregoingto
accomplishthejob.

VISIBILITY OF STATUSAND PROGRESS

Dynamicreal time statusinformationmustbeavailableto programmanagementat all
times. Ina programthat spendsabout$7 millionperday, asApollodoes, the most
rr_inutedelayor misdirectionbecomescostly. Onecannotaffordto discovera problem
after it hasoccurred,butmustpredictit andeliminateit beforeit occurs.

A meansdevelopedto assurethat managementdisciplineexistsandthat plansandpoli-
cies arebeingexecutedwithoutsignificantdeviationconsistsof.

a. Real-timesummarymanagementreports
b. Identifiablemilestones
c. Baselinecompliancereviews
d. Accomplishmentmeasurementtechniques

ORGANIZATIONCONCEPT

ProgramManagementat KSC is appliedthroughan integratedrelationshipbetweenthe
KSCDirector, theKSCApolloProgramManager,andthe KSC linedirectorates. It
includesthe useof managementtechniquesto provideorganizeddisciplinesandachieve
mutualunderstandingandapplicationof responsibilities.Thecompleteorganizational
structureis delineatedin Section3 of thisdocument.

The KSCApolloProgramManagerrepresentsthe KSCDirectorin matterspertainingto
theApolloProgram. He functionsthrough,andadministers_theKSCApolloProgram
ManagementOffice. This organizationis the programfocalpointandinterfaceswith
counterpartsfor programfunctionsat OMSF, MSC, andMSFC. It is the "mirrorimage"
of theApolloProgramoffice in Washington,D.C. and is subdividedto organizerelated
projecttasksintomanageablepackagesof work.

Themanagementsystemsapplicableto the KSCApollo/Saturnprojectsaredeveloped
withintheKSCApolloProgramManagementOffice. The planningof thesesystemsin-
cludesdefinitionof objectives,establishmentof policies, andidentificationof respon-
sibilities andstandards. Measurementsystemsaredevisedto provideprogramand line
managementwithvisibility of the programposture,performance,andprogress.

EachCenterline directorateorganizesthe programtaskswithinits cognizance. It
implementstheApollo/Saturnmanagementsystemsandby its implementationplans
identifiesthe methodsby whichthe managementobje.ctivesarerealized. Theseimple-
mentationplansincludeprovisionsfor measurement;nputto contributeto management
visibility.



The programreqldremenl:_, as e_tabli::,hed by the KS(; Apollo PrugramManager, include
both tanqible al_d intangihle need_ ne_:e_saryfor accomplishment of the programobjectives
at KSC. 1he word 'r¢_.quirentent,"a_ used within tJle Apollo Program Managerts respon-
sibility, may include hardware, software and services. When applied to programmanage-
men,, requirements _timulate responr_ewithin the stipulated cost, performance_or progress
standards. Fnr example, schedule_;impose requirements to accomplish defined tasks
within a specified time frame. The definition of the task may impose requirements for the
use of certain equipment and a stock of spare parts. The use of the equipmentmay impose
a requirement for an operations and =naintenancemanual. Procurement of spare parts may
inject a funding requirement. The need for visibility of results may impose a requirement
for a report of progress.

It is this expanding series of requirements and the subsequentactions that producethe
managementrelationships and interfaces. It is the skill with which requirementsare
planned mbdthe subsequent actions organized, integrated, and measuredthat determine
programeffectiveness.

PROGRAM CONTROL

Programcontrol is an integrated programmanagementprocess which is delegated to
appropriate organizations as required to assure the effective accomplishment of their
responsibilities. The programcontrol system establishes performancerequirements, pro-
vides the guidelines for policy and control, and delineates parametersand criteria for
effectiveness of measurementsfor all elements within its scope. The system provides
for the identification of requirements, the delegation of planning and execution of respon-
sibility, the validation of plans and resource requirements, and the development of a
systematic means of monitoring progress, evaluating performance, analyzing variances_
and establishing recovery patterns for review and resolution.

It is the KSC Apollo ProgramControl Office responsibility to develop and implement the
• managementtools required to coordinate, monitor, and track the execution of requirements

and the utilization of funds against approved plans and schedules. Th_.e tools are to
provide continuous surveillance of performanceagainst plans and, througha series of
summarizations, provide both line and programmanagementwith visibility of program
posture, performance, and progress at appropriate levels of detail.

The programcontrol function is also primarily concernedwith the early identification and
resolution of potential problemswhich can interfere with the ability of KSC to meet
scheduledcommitments to other centers or to OMSF, as well as problemswhich create
unanticipated requirements for Apollo funded resources. The developedcontrol systems
emphasize an anticipatory monituring capability, with analysis techniques oriented to-
ward projectiun and trending.

The existence _.dmanaqementcontrol centers at various levels within the programcontrol
function are intended to provide an important assist in the review and assessment process.



Thesecentersserveas workingdisplayand problemresolutionareasto providemanage-
mentvisibility intothe programand organizationalstrengthsandweaknesses,andto
enhancemanagementcommunicationat all levels.

IntegratedApollo/Saturnmanagement(Figure2-3), therefore,i;_the establishmentof 1
requirements,the monitoringandassessmentof progresstowardaccomplishmentof those
requirements,andthe managementdecisionprocessesinvok _ssuringa balanceof
prograrnneedsagainstresourceutilization.

BIUWtll IRILII/UlBII
f R Illlal

ItaTUl i AIl|llmht b=_

°PIt4 rlo_

Figure2-.3. Philosophyof IntegratedManagement

SYSTEMS ENGINEERING

Anothermajorjob of management,whichalso relatesto sayingwhatit wants, is to
establishandprepareat the outseta properlystructuredset of specificationsandstandards
thatset forthperformanceanddesionrequirements,technicalconstraintsandinteractions,
anda detaileddescriptionof thedeliverableenditem. Emphasison specificationsforces
projectpersonnelto establishclearlywhatis wanted,pindowntherequirements,andget
ridof theuncertainties. Theproducersanddevelopersare providedwiththe information
to proceedwithdesign,building,andtesting.

TheApolloProgramconsistsof a seriesof successivelymorecomplexspaceflights
culminatingin the lunarlandingmission. Thesystemsengineeringfunctionblendsthe

_ '1_7
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fundamental, fuqctional, and individual requirements and const,raint,s into an Apollo
Program Specification t,hat defines the performance/design requirements for the various
element,sof the Apollo prngram. Apollo system:_engineering is a process that identifies,
defines, and specifies the hardware, software, facilities, personnel, training, and
technical data requirements that form the has, line of all subsequent,engineering activities.
Through a continuing review and ahalysis of nlission and system requirements, the Program I
Specification is maintained up to date. ]

DESIGN ENGINEERING

Design Engineering is organized to provide contract technical and area managementto
ensure functional readiness of specified areas to meet operational requirements, and the
technical skills and knowledge necessary to ensure consistency and uniformity. The
primary objective of Design Engineering at KSC is to provide a single design element
to service user organizations with design, construction, fabrication, installation, and
modification support.

Design Engineering provides for both management,and lechnical oriented organizations.
This type of organization strengthens the managementand technical capability not only
for present but.also for future programs, and provides KSC with cont.inuity and technical
skills in depth.

TEST AND OPERATIONS

The test philosophy of the Apollo Program is to do the development on the ground,
before the space vehicle is launched. This requires a rigorous ground test program
from the component level through subsystem, system, stage, and vehicle levels, from
early development through the qualification process. The ground test program assures
that the flight hardware is capable of performing the mission objectives within established
parameters. The tests performedat each level (component, subsystems, etc.)complement
the tests at the preceding lower level and progessively decrease in numeric detail as systems
are combined for manufacturing checkout through launch checkout.

Although each element (Launch Vehicle stages, Spacecraft) is determined ready for
flight prior to delivery to KSC, it is the responsibility of KSC to conduct prelaunch check-
out to determine that the assembled space vehicle is ready for launch. Prelaunch
checkout assures that:

a. The flight elements and Ground Support Equipment interfaces are compatible
and flight ready.

b. The conditions to which the elements have been exposed since the last test
performed (transportation, erosion_ humidity, etc.) have not deteriorated the
functional and performance characteristics of the vehicle with particular emphasis
on the continual integrity of launch and flight critical items.
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Three key managementcheckpoints have been designated for the test cycle at KSC to
determine the system integrity prior to flight. These checkpoints are oriented to the
KSC-designed hardware development and mission phases of the Apollo Programand are
selected at appropriate and progressive points in the testing cycle. The first check-
point serves to vali_l_te the acceptance testing and provides a configuration baseline.
The second certifies that each flight stage and module is a complete and qualified item
of hardware accompanied by adequate supporting documentation. The final checkpoint
validates the total system as operationally ready for launch.

Tile relationship of the KSC checkpoints to the total program span is shown in Figure
2-4. The total testing concept is described in Section 4 of this document.

APOLLO PROGRAM SPAN KEY MILESTONES

PRELIMINARY KSC CHECK POINTS
DESIGN ,_
REVIEW f

FACl COFW FRR

I I . ......". , , I,,,,_ FACl • FIRST ARTICLE

__ _R/I_//._ T T _ CONFIGURATION

iNSPECTIOH

DEFINITION ACQUISITION COFW , CERTIFICATE OFFLIGHT WORTHINESS

;,5,'
f t I

CDDT. COUNTDOWNDEMONSTRATION
TEST

PRELIMINARY _ DRAWING

PROGRAM BASELINE
SPECIFICATION _ ROLLOUT ':2

CRITICAL TO
DESIGN PAD

m _ m3
CODT

DRAWINGS
HARDWARE

APOLLO
PROGRAM

SPECIFICATION
COMPLETE

Figure 2-4. Apollo ProgramSpan Key Milestones

RELIABILITY AND QUALITY ASSURANCE

Reliability and Quality Assurance is the discipline that insures all of the programele-
ments perform as required. The prime goal of the R&QA programis that of achieving
mission success without unnecessary risk of life or serious physical disablement on
the part of the crew. The demandson menand equipment imposedby performanceof the
mission must be properly assessed to minimize the risk factor.
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Reliability and Quality As_uram:e does n_t _jnaral_teesuccess, it merely incorporates
safeguards to reduce the probability of failure. Trade.-aff_ in de_d_n, performance,
time, cost, and wei(lhl:are nlafle i alx_rl:fie.quencr..salld alternate nlis.qionInOflas are de_
termined; Failurn t\/Iodeand Effects Anal)/_es an: pf:rfnrmed; mathematical mndelinEI
activities are cauducte.d;aualy_e._nf de._i.qll, Lest, quality, etc., am _:untinually per_
fornled; and trainill_l and motivation to instill an R&O.Aawarene_;_aman(t all program
participants i_ uudert.akeu. All action.,spr).,_sibleare taken to build reliability and quality
into the hardware products and to monitor and assess the probability of success.

The R&O.Arequirements of KSC are met by implementing a programemphasizing assess-
ment., corrective action and pro.qr;]lll inll)rovemel]t raffler than al}portionment._prediction
and demonstration° One hurldredpercent reliabilil'y is the .qoalat KSCo Therefore, a
series of checks aud balances on the line organizations concerned with test, checkout,
and launch is provided to establisll the disciplirles and the means to evaluate, audit,
and inspect to achieve this .qoalo

SAFETY

The existence of hazardous _ol_dition;_and materials in a_d around the launch complexes,
and in the receipt, inslJectiml, mailltenance, assembly, and preparation of space vehicles
for launch _equires the establishment of a continuing and aggressive hazard and accident
prevention effort encompassing personnel, equipment, facility systems, and buildings.
This safety program is provided to anticipate and eliminate hazards t_ personnel and pro-
perry, and is implemented in equipment and system design _,afety, mission ground safety,
and flight safety:

a. Equipment and system design safety is the application of safety engineering
principles, criteria and specifications to the design of _]_oundsupport equip-
ment and facilities.

b,, Mission ,.qroulldsafety (range safety) is concerned with the performanceof the
launch operations function prior to and during the launch countdown_ including
coordinaHon with the Range Safety Office, ETR.

c. FIIgI_Lsafety i.'; t.tlld:i)ortiol| of rau(.lesafety associated with the hazards attrib-
tllablc t_, I.l_c:,fli!]ht I.r,Lic_:tm"yalld include:, integration el: the specific respon-
:;il.)ililia:..,,_I'17"JR,rodo[,l,lerNASA Centers.
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The meticulous execution of safety principles in i,hese three categories results in a
comprehensive program to assLire the rapid identification, evaluation, and resolution of
£afety hazards throughout KSC.

CONTRACT MANAGEMENT CONCEPT

At KSC, 14 major contractors furnish 85 percent of the total manpower. The task of
motivating these people toward a common goal falls witllin the realm of col]tract man-
agement, Contracts at KSC are divided into two major segments, support contractors
and direct stagecontractors. The launch operations stage contractors supplement
the basic MSFC and MSC contracts whereas tile support contracts are the sole respon-
sibility ofKSC.

Contract managementis an integral and important part of the KSC managementprocess.
Considering that contractor effort represents some.thingin the order of 90 percent of the
total KSC effort, the significance of contract managementis quickly brought into focus.
At KSC, this contract managementeffort is applied within the cost-schedule-performance
frameworkof programmanagementto cope with special problems, such as those identified
in Figure 2-5.

COST

FLUCTUATING MANPOWERREQUIREMENTS RESULTING FROM
INTERFACES WITH OTHER CONTRACTORS

VARYING LAUNCH SCHEDULES AND AS A RESULT, VARYING
MILESTONE DATES.

UNPREDICTABLE MODIFICATION REQUIREMENTS

LIMITED STATISTICAL HISTORY
m

Figure 2-5. Contract Problemsat KSC
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KSC experience has proven that managementof a contract can be influenced to a de-
qree by admini_trative controls. These are important hut leave considerable room for
improviiig the contracting process and influencin_j the basic contractor motivations.
Properly directed_ motivations becomea stronger force for good managementthan any
policing action. One of the most effective ways of achieving this is through the use of
incentive contracts. Making a constructive chancje in the contracting procedures in-
volve._ complex factors. The cost°plus=fixed=fee (CPFF) contract serves a real need
during the difficult period of predominately R&D effort. Because of the technological
uncertainties involved, the majority of KSC contracts have been of the cost-plus-fixed-
fee type. Unfortunately, under the CPFF contract_ the contractor's profit is determined
at the beginning of a programbased on estimated cost. There are no financial penalties
for poor technical perforrrlance, cost overrulls, and schedule delays, just as there are
no rewards for efficiency and success. However, 'in spite of some shortcomings, there
is a continuing need for CPFF contracts when establishing the technical feasibility of a
project involving preliminary designs, breadboards, and tests of new types of equipment
where the results are quite uncertain. Under these conditions it is impracticable to ob-
tain effective fixed-price competitive bids. Fixed-price contracts for this type of work
present a high probability of excessive profits or losses. Further performancemust not
be compromisedas a result of cost considerations. Nevertheless, industry mustbe in-
ducedto give the same attention to its contracts as it gives to fixed-price contracts ob-
tained underhighly competitive conditions,and profit must be tied to the ability of
industryto producethe desired productwhile keeping to a minimumthose variable costs
over which it has control. The use of incentive contracts has provenan effective tool
in establishing this relationship. Incentive contracts are well adaptedto projects in-
volving development, fabrication, and tests of hardwarewherethe technical feasibility
has already been established in phase ]. studies. The incentive principle holds that
contractorprofit shouldbe related to the ability to turn out a productthat meets all
established performancegcal_, to improveon the contract schedule_ to reducethe cost .
of the work_ or to completethe project undera weighted combinationof someor all of
these objectives. There is further benefit in that the incentive arrangementforces a
considerationby both parties of performanceversus schedule versus cost throughoutthe
program.
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SECTION 3
CENTER ORGANIZATION

BACKGROUND
ii i

In order to appreciate the current KSC organization and its relations to Apollo Program
management, it is necessary to reflect briefly on its history and growth. In July 1960,
a Launch Operations Directorate was established in the Cape Canaveral area under the
direction of the Marshall Space Flight Center (MSFC), Huntsville, Alabama. The
initial complement was 314 Civil Service and 106 contractor personnel. This small
work force, with support,from the Air Force Eastern Test Range, was responsible to
MSFC for launchings and launch-related activity.

In March 1962, the Launch Operations Center was created under the direction of the
Office of MaPnedSpace Flight (OMSF), Washington, D. C. with a complement of .323
Civil Service personnel. In Novemberof the same year the Center was renamedthe
John F. Kennedy Space Center and became familiarly known as KSC. The first major
support services contracts were let by KSC in June 1963. There were seven of these
contracts with various industrial concerns and they provided for a wide range of sup-
porting services to both the KSC personnel and the hardware and mission contractors.
The total work force of the Center now approximated a combined total of 2500 personnel.

Another major milestone was reached in December 1964. At that time KSC absorbed
the Florida Operations of the Manned Space Center. This was significant in that KSC
now had responsibility for all mannedspacecraft upon arrival at the Center and total
responsibility for mannedspace vehicles. These added responsibilities expandedthe
work force to a total of 11,245 Civil Service and contractor personnel.

A final broadening and diversification occurred in October 1965, when KSC integrated
into its organization the responsibility for NASA unmannedlaunch operations. This
function had previously been directed by the Goddard Space Flight Center. KSC was
now, for the first time, a true launch agency of NASA. The work force continued to
expand until it reached a peak of 2..3,256 in 1967.

In summary, the KSC organization experienced a total Civil Service and contractor work
force expansion of 5500 percent in the comparatively short span of 5 years. This fact
alone emphasizes the managementproblems and the organization adjustments that have
had to be faced.

KSC CENTER DIRECTOR

The KSC Center Director is totally responsible for the managementof KSC and its
related work programs. This position is directly accountable to the NASA Associate
Administrator for Manned Space Flight. All basic internal KSC policies are established

........................ 3-]
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and/or approvedat this level. The Director is personallyinvolved at specific critical
points in key managerialprocessesanddecisions. Includedare matters pertaining to
basic resourcesallocations, personnelselections or promotionsto key managementand
administrative positions at the GS-14 level andabove, major launchschedulechanges
causedby KSC events, new starts on KSC hardwaredevelopments, procurementsin
amountsabove $1,000,000. DO, andother areas where proposedKSC performance
(or lack of performance)may impacton commitmentsof the Center or its external
relationships.

The KSC organization provides for two Deputy Directors, one for Center managementand
the other for Center operations. In addition, the Director of the Executive Staff provides
for the executive communicationprocess. This triple combinationprovidesgreater depth
of available leadership to assist the Director in the managementand controlof the total
KSC activ.ity as shown in Figure 3-1.

DIRE TOR l
DEPUTY DIRECTOR _P"UTY DIRECTOR I

CENTER CENTER I

MANAGEMENT OPERATIONS j

: 1 I I I I
II t I ] 1L INASA DIRECTOR NASA

REGIONAL QUALITY PUBLIC SAFETY EXECUTIVE CHIEF REGIONAL
AUDIT OFFICE ASSURANCE AFFAIRS OFFICE STAFF COUNSEL INSPECTOR

I I I

- l 1 1APOLLO MANAGER OII_CTOR
APOLLO OF

APPLICAT(ONG PROGRAM ADMINISTRATIONPROGRAM

i I I !
-o.. [ =..o._I o,.o.o.I o,._._I

_-°_'-'-[-'°_'""°1 °' o.TECHNICAL SUPPORT I INSTALLATION SUPPORTI

i !
i t I ! ,

[-_ ] I-" '-" -" J[ °"_iLAUNCNVEHICLE _E_qJU_t " | UNI_EO | INFOmMATIGN 8UPP0RT

OPERATION8 OPERATIONS _AUINCH OI:I[I:JITIO_ 8YgTi_earn OP[RATiONal

Figure 3-1. KSC Organization

The KSC Director decideswhichpartsof the total responsibility are to be handledby the
Deputy Directors. Based on these decisions, the proaress reportsandother routine
informational data providedby other KSC elements can be expeditiously reviewed for
managementaction. It is importantto note that the Deputy Directors function as an

3-2
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extension of the general managementcapability for the Director and are not an inter-
mediate level of review or clearance. Direct access of the Director is expected when
necessary for the resolution of unresolved issues.

KSC STAFF DIRECTORATES

In support of the KSC Center Director and providing specialized managementfunctions
are the staff directorates and offices. They include the previously mentioned Executive
Staff, the Public Affairs Office, Chief Counsel, Director of Quality Assurance, Safety
Office, Apollo Program Manager, Apollo Applications Manager, and Director of Admini-
stration. Each of these functional segments is managedwithin a scope of effort defined
and delegated by the Center Director. The integration of these specialties with program
managementperl-nitsbroad utilization of their skills. The major responsibilities and
functions of these organizations are outlined below:

a. The Executive Staff acts as a central focus for the development, management,
and control of the KSC executive communication process and for maintenance
of a managementstatus and review functions. Toward this end the staff pre-
pares and disseminates decisions by the KSC Director and the Deputy Direc-
tors. The flow of action material within the Office of the Center Director is
channeled, expedited, and scheduled with appropriate consideration given to
relevant previous decisions and policies. Within the function of management
status and review, the Staff acquires operating or programmatic information to
identify possible incipient questions or issues which could require action or
decision by the Center Director. The Executive Staff also includes, for
administrative purposes only, the Senior Scientist and his staff which works
directly with other KSC elements in technical matters including flight
saI:ety.

b. The Public Affairs Office managesthe integration of both Center and program
relations with outside p[iblic media. Specifically, it schedules and coordinates
visits by foreign and domestic dignitaries and officials, arranges for programs
involving public communicationmedia, and assists the KSC Director in public
relations participation by KSC officials.

c. The Chief Counsel represents and advises tile Center Director and program
managemenLin legal matters pertaining to KSC operations.

d, ___TheDirector of Quality Assura_lce fom_ulates the policy for and managesa
quality assurance pro!tramfor tot.al Center operations. He evaluates quality
assurance requirements imposed on KSC by Apollo and other programsand
determines an effective method for KS(] response. He also provides the
Center Dirc_ctorwith current measurementsof the quality programeffectiveness,
and recommendsadjustments in policy, techniques, or requiremmlts to improve
l)ro(.lralr]resuIts.
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e. The Safety. Office assists the Center Director by providingand maintaining a
complete a'c_dentprevention programfor all KSC activities. It develops,
issues, and enforces safety standards pertaining to launch vehicles, spacecraft,
launch complexes, ground support facilities, radioactive materials, building
construction, explosives, hazards, motor vehicles, and related activities. This
includes assurance that necessary safety controls are in effect during moving,
assembly, checkoufTstatic firing, and launch of all space vehicles at KSC or
NASA facilities at Cape Kennedy.

f. The Apollo Applications ProgramManageracts for the Center Director in the
analysis and interpretation of requirements by advanced programsutilizing
Apollo hardwareand provides the managementdirection for translating these
requirements into specific work packages. He also coordinates and compiles
data to aid the Center in acquiring and controlling adequate resources for
accomplishing programmissions, and represents the Center Director for the
interface with OMSF and inter-Center programcounterparts.

g. TheApollo ProgramManager functions as the central point for managementof
all Apollo Programactivities for which KSC is responsible. He also develops
or assures development of feasible plans to meet the programrequirements
within the available frameworkestablished by the Program Director (OMSF)
and Center Director. This includes the responsibility for formulating, with
the available resources, the necessary operating plans, programreliability
and quality standards, mission descriptions and subsidiary specifications,
and test plans. A moredetailed explanation of this organization and its
functions is discussed in subsequent pages of this Section.

h. The Director of Administrationadvises and assists the Center Director and
the primary organizational heads of KSC in the development, maintenance,
and improvementof managementsystems, organizational structures and
functional relationships, manpowercomplements, budgetary planning, and
resources management. Specific duties in support of the KSC and the Apollo
Programinclude the managementand administration of resources, management
systems, procurementand contract administration, accounting, personnel
management, labor relations, and activities related to patent and technology
utilization. This Directorate also administers the KSC manpowerutilization
programand the allocation and utilization of space.

KSC OPERATING/LINE DIRECTORATES

The technical managementof the Apollo Program at KSC is performed by four directorates.
Two of these directorates are subdivided into five subdirectorates. This arrangement pro-
vides in-line managementof large scale project tasks and at the sametime provides inte-
grated managementunder single control for those projects which have commonobjectives
through hardware utilization. The four prime directorates are Launch Opetations (includ-
ing Launch Vehicle Operations, Spacecraft Operations, and UnmannedLaunch Operations),
Design Engineering, Technical SLIpport(including Information Systems and Support Opera-
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Each of these directorates is assi_jrtedresponsibility for an itltegral portion of the work
breakdown structure at KSC. Each is supported in its tasks hy one or more industrial
contractors who provide a wide variety of specialized skills aleededfor the work effort.
The managementdisciplines needed to integrate this combined effort are generatedwithin
each directorate but are compatible with the managementconcept established by the
Center Director and the Apollo Program requirements. The majo,' respo,sibilities and
functiorJs oFthese directorates are summarized as follows.

a. The Director of Launch Operations is responsible for the managementand
technical direction of preflight operation and integration, assembly, test,
checkout, and launch of all space vehicles (both mannedand unmanned)for
KSC. He initiates, supervises, and coordinates the preparation of preflight
and launch operations test plans and assures their effective execution. In
support of the manned spaceflight program, this Directorate assists the Apollo
Program Manager in negotiating the test and operational sequences, methods,
and standards with cognizant Development Centers. It also provides advice
for the correction of deficiencies by Development Centers and develops opera-
tional support, and resource requirements to respond to the program require-
ments for the execution of the assigned mission with approved schedule and/or
funding limitations. The Director (including each subordinate Director) assumes
responsibility for the effective managementand operation of his organization
within the approved budgetary allocation and oversees the mallagementof
specific contractor efforts allocated to his support.

b. The Director of Design Engineering managesthe design and development of
equipment and facilities provided by KSC in support of the Apollo program
(except where otherwise directed by the Center Director). Included within this
design concept are the functions for monitoring fabrication, installation,
acceptance, testing, modification, and major refurbishment. This Directorate
also provides for maintenance analysis and initial spares provisioning for KSC-
designed hardware and conducts the implementation (within established guide-
lines) of configuration management,reliability, quality assuranoe, logistics, and
system engineering. The Director is responsible for the effective management
and operation of his organization within the approved budgetary allocation and
oversees the managementof specific contractor efforts allocated to his support.

c. The Director of Technical Support directs an organization engaged in providing
a variety of technical support for KSC launches and responds to requirements
for technical support to those Department of Defense launches requiring KSC
assistance. This Directorate manages and directs the maintenance and opera-
tion of test and launch coml)lex facilities and equipment. The single point of
interface with the Air Force Eastern Test Range for the NASA entry of program
requirements is also provided by this Directorate. The Director (including each
subordinate Director) is responsible for the effective managementand operation
of his ort_tanizationwithin the approved l)l_d_jetaryallocation and oversees the
0tlavlacjementof specific comltractorefforts allocated to his s_pport.
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d. The Director of Installation Support provides for the general operation and
maintenanceof--i]ie--c-en_. T_cludes programs for disaste_ control
planning; health; security and law euforcenlerlt; photogral_hic, reproduc-
tion, and publication services; Center logistics; and maintenance for
all KSC buildings, pernlanent structures, and utilities except for test
and launch complex facilities. This Directorate also exercises quality
control surveillance over incoming KSC-procured material and equipment and
provides administrative services for library, mail and distribution services,
and issuance of directives. The Director is responsible for the effective
managementand operation of his organization within the approved budgetary
allocation and oversees the managementof specific contractor efforts allocated
to his support.

CENTER APOLLO PROGRAM MANAGEMENT RELATIONSHIP

The relationship between Program Management and the KSC line organizations can best
be characterized by stating that the KSC Apollo Program Manager is an initiator rather
than an implementer. He provides appropriate assignments, guidelines, and resources
so that those charged with the execution of specific aspecLsof the overall Apollo pro-
gram move to get the job done. His NASA interfaces and relationships are briefly sum-
marized in Figure 3-2.

APOLLO PROGRAM MANAGEMENT INTERFACES AND RELATIONSHIPS

LINE i I CENTER STAFF
ORGANIZATIONS DIRECTOR ORGANIZATIONS

'%g.%,'_-__"e/ ">"r_.@,_"

J APOLLO PROGRAM

MAN AGEi_Er-IT

HEAOOOARTERS
,APOLLO PROGRAM

DIRECTOR,

Figi,re 3:2. KSC Progralll MailagemOiitJntfirfaces a!!cl Relationships ..........................
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The KSC Apollo ProgramMana!ter is re_p_Jnsihl_for trali_latirlg both general and specific
programrequirements and schedules received from the Program Director and other MSF
Centers into discrete packages which he forwards to line organizations for preparation
of detailed plans to meet such requirements. He receives, validates, and coordinates
such plans of execution as prepared and priced by the line organization. He also
analyzes these plans against total prograll_needs and available resources, taking appro-
priate action to assure that these considerations are kept in balance. Upon approval
and funding, such plans become a directive for execution by the line organizations.
The KSC Apollo Program Manager is responsible for establishing site activation
schedules and is required to assign responsibility to line organizations to resolve
bottlenecks within established guidelines.

The KSC Apollo Program Manager coordinates, monitors, and tracks the execution of
requirements and utilization of funds against approved plans and schedules. This
monitorship is not concerned with day-to-day operations but does become involved in
problems which interfere (or threaten to interfere) with t ability of KSC to meet any of
its schedule commitments to other Centers, or problems which are likely to create un-
planned or additional requirements for Apollo Programfunds. The KSC Program Man-
agement Office does not issue direction or formal instructions to stage or support con-
tractors whose activities are under the monitorship and managementof other operational
elements of KSC.

The KSC Apollo Program Manager formulates subsidiary specifications, test and opera-
ting plans, mission descriptions, programreliability and quality assurance procedures,
and operating plans to accomplish these within available resources. Directives from the
Apollo Program Director (OMSF) flow through the established organizational channels
to the Apollo Program Manager at KSC.

KSC APOLLO PROGRAM MANAGEMENT ORGANIZATION

The KSC Apollo ProgramManagementis organized(see Figure 3-3) to achieve maximum
utilization of all available resources and to effectively carry out assigned responsibil-
ities. Responsibilities delegated to subordinate offices of the KSC Apollo Program
Office are as follows:

a. The Assistant for Systems Engineering managesstudies, evaluations, and
design reviews of Apollo/Sal_um integration, launch,and test/checkout systems
utilized at KSC to assure overall compatibility, suitability, and cost/
effectiveness.

b. The Reliability andQuality Assura_lceOffice ad01_inistersand coordinates the
:Apollo reliability a_iil_iua/ity assurance programand develops overall plans
and procedures to implementthe programrequirements.
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Figure 3=3. KSC Program Management Organization

c. The LC-39 Site Activation Office provides overall programmanagementof
the APollo/Saturn V site activation effort at KSC through a review of the
operational readiness for each group of launch facilities (off-site ,_swell as
on-site).

d. The Program Control Office provides Apollo program managementsystems and
surveillance to assure that all information required for Apollo program manage-
ment decisions is available and properly assessed. In this capacity the office
programs and surveils Apollo resources to assure effective utilization.

e. The Saturn Systems Office provides for the programmanagement,and coordina-
tion of the test and systems integration for the Saturn launch vehicle activities
at KSC and for the Apollo/Saturn launch complexes. Based on requirements
for OMSF and MSFC, this office develops and assures implementation of
KSC Saturn programrequirements, test and operations concepts, and plans.
It develops and controls the KSC Apollo/Saturn major milestone schedules.

f. The Apollo Spacecraft Office provides the overall control and coordination of
APollo Spacecraft activities at KSC and supports the KSC Apollo Program
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Manager in spacecraft-related programactivities. It approves KSC commit-
merits involving Apollo Spacecraft, related activation, and spacecraft experi-
ments. This office also functions as a single formal interface with other
NASA Centers, Aerospace Industries, and local NASA organizations in
matters related to the spacecraft program.

g. The Operations Support Office plans, initiates, and validates procedures and
resources required for support of Apollo/Saturn missions. This support is
defined as the means of sustaining operations with resources external to the
space vehicle and its integral systems on the launch complex. The office
also performs as a single interface with Operations Support Requirements
Office (OSRO), other MSF Centers, and other government agencies on matters
related to operational support.

FUNCTIONAL RELATIONSHIPS

The highly complex managementtask of integrating programrequirements with functional
capability and response requires KSC to operate with an organizational structure that
can interface laterally as well as vertically within KSC and with other NASA, government,
and contractor organizations. The Apollo Program requires the following four separate
and distinct groupings of functional relationships which KSC must recognize, correlate,
and effectively integrate with its activity, both independently and collectively:

a. Intra-Center Apollo Relationships
b. Inter-Center Apollo Relationships
c. Inter-Agency Apollo Relationships
d. Contractor Relationships

INTRA-CENTER APOLLO RELATIONSHIPS

The KSC CenterDirectordelegatesfunctionalresponsibilitiestosubordinatemanage-
mentofficialsatKSC throughorganizationalchartersandoperatingconcepts.By this
methodeachDirector,Manager,and Supervisor(atalllevels)isheldresponsiblefor
boththesubstanceofhisassignmentsand theirmanagementaspects.WiththeKSC
ApolloProgramManageridentifyingprogramrequirementstotheoperatingdirectorates,
theofficialsinvolveddesignatetaskassignmentswithintheirown organizations.

Inter-directoraterequirementsarecorrelatedthroughagreementsamong theofficials
involvedattheapplicableorganizationallevels.By thismeans lateralcommunication
isencouragedand problemresolutionaccomplishedattheappropriateleveltowhich
approvalauthorityhasbeendelegated,itisimportanttonotethata subordinatecannot
be delegateddenialauthorityonly. Forexample,when one KSC organizationalelement
ata givenlevelofmanagementformallyinitiatesanactionwhichrequirestheapproval
ofanofficialatanequallevelinanotherKSC organization,ther_ql,estedactionshall
notbe deniedby a subordinateoftileapplovingofficial.
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The KSC Center Director also chairs a KSC Senior Management Council. The memBer-
ship of the Council includes the chief official from primary orqanizations reporting to
the Center Director. The Council provides the principal forum for discussion and reso-
lution of major problems which have broad application across seveial operational organi-
zations.

Management Boards are organized at Iowcr levels to insure that managementdecisions
and policies are understood by all levels of managementat KSC.

The KSC Center Director also uses Ad Hoc Committees to develop the best possible
consid,_rations and recommendatiorls for specific activities.

INTER-CENTER APOLLO RELATIONSHIPS

To carry out its assigned responsibilities, KSC has several operating agreementswith
other NASA components and elements of other government agencies. For the most part,
the KSC organization is structured to provide clean-cut relationships with counterparts
in Headquarters and other NASA Centers.

With respect Lothe other MSF Centers (MSFC and MSC), the KSC Apollo Program
Manager is the primary and official KSC point of interface in regard to Apollo program
functions. Specifically, he is responsible for assuring that their requirements are
valid, program funds are available, and that an effective system provides assurance to
the Development Centers of adequate configuration control concerning implementation of
directed changes to their hardware at KSC. He is also responsible for maintaining a
close and cooperative working relationship with the other MSFC Center Program Mana-
gers with respect to mutual coordination and implementation of the Apollo Program

INTER-AGENCY APOLLO RELATIONSHIPS

The Apollo Programrequires support from government agencies other than NASA. This
is characterized by the use of the facilities operated by the Air Force Eastern Test
Range and the world wide tracking network. Within the provisions of the NASA/
Department of Defense agreement, KSC obtains ETR services through an agreement
negotiated with Patrick Air Force Base (PAFB). Similarly, this agreement also obtains
PAFB support for those installations on Cape Kennedy for which KSC has tenant
occupancy. The Director of Technical Support maintains a single-point interface with
PAFB to consolidate and coordinate KSC requirements.

CONTRACTOR RELATIONSHIPS

Kennedy Space Center operates under government/contractor relationships through non-
personal services contracts. These nonpersonal services contracts fall into three major
groups:
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a. KSC-Stage Contractsare those which render launch related services directly
[o°K$-¢ fo_r-sai_drE(;lass vehicles (Uprated land V) and their separate stages.

b. Other LaLinchServices Contractsidentify those contractors of other NASA
_t-_h-i-_lTr-e_¢leTTaui]c_l-reT-ated services indirectly to and at KSC for other
launch vehicles (e.g., Centaur), mannedspacecraft (e.g., Apollo), and un-
maiined flight hardware (e.g., Lunar Orhiter).

c. SupportServices Contractsare those which render services of a supporting
nature to one or more of the KSC Directorates. This group involves services
concerned with functions such as communications, photogral}hy, instrumenta-
Lion, reproduction, supply, environmelltal health, and COlnputation.

Each contractor manages its own contract mission affairs, and KSC exercises its con-
tract managementresponsibilities for the total operation by monitoring and/or instructing
the contractor. KSC monitors or instructs the various contractors through the use of the
following designated officials:

a. The ContractingOfficer has the responsibility of administering the contract
'a'ndrenderingany required interpretations to it.

b. The ContractTechnical Manager (CTM) is a key directorate official responsi-
ble for the technica.'l Planning and managementof a directorate major mission
which is executed through the use of a nonpersonal services contractor.

c. The Technical Representative(TR) is utilized by each designated CTM for
each contract area of functional interest wherever the work statement of a
contract has multiple functions.

d. The Contract ManagementAssistance Officer (CMAO) performs functions
delegated by t_heContracting Officer and serves as a representative of the
operating directorate to which assigned.

The Apollo ProgramManagerhas a key role in the gener:_tionof the scope, or change
of scope, in the work of the stage and spacecraft contractors, or when the work
impinges on Development Center relationships to a stage or spacecraft contractor. All
technical instructions to the contractor within the scope flow through the line organi-
zations. Since the ProgramManager is responsible for keeping performance, schedule,
and costs in an optimum balance throughout the preparation of flight hardware, he main-
tains a continuous overall surveillance of the stage or spacecraft contractors. However_
he does not become involved with the contractor in his daily operational management
within approved plans and guidelines. The major contractors at KSC are identified in
Figure 3-4 which illustrates their proportionate share of the KSC contractor activities
measured in terms of manpower.
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Figure 3-4. KSC Major Contractors

To provide an adequate description of the various activities and support efforts of the
contractor elements at KSC would require several hundred pages of written work state-
mentsand contract definitions. However, a brief summaryof the primary functionsper-
formed by the major contractors is shown in Figure 3-5.
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SECTION 4
MANAGEMENT SYSTEM ELEMENTS

Program manarlementis the process of responsible, calculated control of iteration against
progressive baselines that considers all operative factors during the evolutionary stages
of development. In essence, the job of managementis one of establishing a set.of initial
conditions, keeping track of progress in working to these conditions, and deciding oil
changes once that baseline is estal)lislled. Managers either stand or fall on the astuteness
and judgment with which they make l.hese change decisions.

To be successful_ managementmust enforce a set of program disciplines. Disciplines
need to be enforced, both on managementitself and on the collective organizations that
have been given the job to do. These disciplines maximize the efficiency of the whole
operation, el the individuals_ and the collective organizations, and get the most produc-
tivity from the talent that is available to do the job. Development is an iterative process,
and it takes a set of disciplines to make it successful.

What usually paces a space program when it comes down to the wire, when the big event
that everybody is waiting for is ready to take place, is gro_lndequipment -- l)_rhaps .-1
construction problem involving site activation, or getting the ground equipment installed
and checked out. This is the responsibility of KSC. The prime equipment must first be
designed, sized_ etc., before facilities can be constructed to fit, and groiind equipllicnt
designed recheck out the prime equipment. KSC, therefore, h_.dto wait until the prime
hardwarewas well along the way before.its contribution could begin on facilities, tht:
size of which had never before been attempted and ground equipment, the complexity of
which had never before been designed.

This unique challenge has and is being met by KSC in the implementation of proven manage-
ment techniques and systems that pull together and utilize several government agencies and
contractor organizations of diverse talents and skills. Each system at KSC, however,
fits into Aerospace Management classic categories. Logistics_ Configuration Management,
Data Management, Schedules, Resource Control, and Reliability. The following para-
graphs describe the utilization of these managementtechniques and systems at KSC and
hew the four hallmarks of program managementare iinplementedo

IDENTIFICATION OF MAJOR ELEMENTS

A cursoryanalysis of a successful programreveals the existence of five basic management
elements largely responsible for the successof that program.. These elements may be re-
ferred to by manydifferent names, but are basically:

a. Requirementsdefinition
be Requirementsamplification and implementation

00000001-TSE11



c. Management informal:iorl and commtlnication
d. Managementdecision process
eo Measure of managementeffectiveness I

i

analysi s identifies tile apl_lication of these elements across the board, at all IFurther
levels of management. These elements, in sequence, constitute the logical progression 4
of managementthrough the program phases of design, development, manufacturing, check-
out, and operat ions. The inter-relationship of these elements and program phases to the
basic program managementelements is portrayed in Figure 4-1.

REQUIREMENTS DEFINITION
(PRIMARILY AT OMSFAND OTHER CENTERS)

REQUIREMENTS AMPLIFICATION
AND IMPLEMENTATION

MANAGEMENT INFORMAT ION
AND COMNUNICAT ION

MANAGEMENT DECISION

MEAS_JRf.:OF EFFECTIVENESS

Figure 4-I. ManagementSystem Elements

In the Apollo program, program requirements are defined by the Apollo Program Office
which in turn initiates the amplification and implementation of these requirements by the
tiered definition of mission, project, system, subsystem, and component requirements, all
based on the initial program requirements. The implementation of these ..quirements is
manifested for the most paff. in the development of the uquipment and facilities to support
theprogram.

Throughoutallprogramphases,effectivecommunicationwithinandacrossalllevelsof
managementisrequired.Thisisaccomplishedby [i_eestablishmentofformallinesof
communicationintheformofreporl:s,reviews,panels,boards,workinggronps,etc.to
assure the properand timely flow of managementinformation. This information is reviewed

and=assessedat the appropriate management level, dem _im_sare made.=_sornp-_vhic:h-;,_f-.,_ .........
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the requirementsbaseline are established, and changesare implemented. The program
managementloopfrom initial monitoringthroughreview, assessment, andeventual change
to requirementsprovidesthe necessaryfeedback to the workinglevels to maintainprogram
continuity and consistency.

REQUIREMENTS AMPLIFICATION AND IMPLEMENTATION

The initial action undertakenin the implementationof a programis to establish program
goals anddevelop the baseline against which progressand performancemaybe determined°
These baselines are definedas those minimumitems or levels of achievementneccssary
to the attainment of both hardwareand softwareobjectives in the broadareas of schedules,
cost, andperformance. Programplans are then preparedthat expressthe mannerof achiev-
ing the programgoals within the baseline constraints. The programplansat KSC include
requirements, facility concepts, hardwarespecifications, operational flows, and docu-
mentation. The programproject and systembaselines are established and reflected in
these plansat correspondinglevels.

REQUIREMENTS DOCUMENTATION

Documentationconsists of a series of integratedplans, each of which deals with a
specific project, operation, or service. This is depicted by the official KSC Apollo
DocumentTree, as shownin Figure 4-2. The KSC Apollo Project DevelopmentPlan
is the key documentin this series. As such, it reflects (for too managementapplication)
the impactof Apollo Programrequirementson KSC. Each supportinglevel in turn pre-
sents its subjectsat a correspondingmanagementlevel to an expandingdegreeof detail.
A documentat each level is in consonancewith the documentit supportsat the next
higher level.

The secondlevel of the DocumentTree is representedby three managementplans. Each
of these deals wit:i a prime KSC project underthe Apollo Program. These documentsare
identified as:

a. KSC Apollo/Saturn OperationsPlan,K.-AS-O
b. Apollo/Saturn ProgramManagementand Support.Plan, K-AM-O
c. Apollo/Saturn V Development/OperationsPlan, K-PM-O

KSC Apollo/Saturn OperationsPlan, K-AS-O

This plan is a managementdocumenLestablishingthe responsibilities, authorities, and
functionsof elementsof KSC fur conductof Apollo LaunchOperations. It describesand
assigns responsibilities for preparationof subordinatelaunch operationsdocumentsesse=ltial
for assemblingall resources for the effective and timely checkout and launchof Apollo/
Saturn space vehicles. Its primesupportingdocumentsconsist of a launchplan for each
successivespace vehicle in the series. Within the scopeof the launchplans are the
functions of launchoperations, flight,readiness, groundsafety, integration and latmchsite
assessment,post..flight refurbishment, launchsut_portor}erations,fai lure investicjation,
h_stru._er=ta_ion_latmchrules, f liqht _safetvt'em=ire_lerlts,nost-latmct_renort__ _c_i_'i_v.......
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Apollo/Saturn ProgramManagementandSupportPlan, K-AM-O

This documentprovides the managementdirection for the KSC implementation of control
and support for the Apollo Program. It describes the general techniques by which KSC
programmanagementwill maintain visibility of the programposture and respond to OMSF
requirements. Its scope includes the subjects of programcontrol, logistics, configuration
management,data management,reliability and quality assurance, training_ vehicle techni-
cal support, general safety, administrative support_ and project development for launch
instrumentation. The managementdirection for each of these subjects is presented in
greater depth through a series of supporting plans.

Apollo/Saturn V Development/OperationsPlan_ K-PM-O

This plan identifies_ defines, and documentsthe operational activities to be performed in
support of Apollo/Saturn V launches at KSC.

The plan documentsoperations and support policies, defines Launch Complex39 opera-
tional concepts, and identifies and defines the necessarytest operationsandoperational
aspects of the vehicle systems, associated GSE, and supportsystems.

Included in the test operations are the preparation, test, and launch of space vehicles
(both launchvehicle and spacecraft, beginningwith arrival of first stage at KSC); check-
out andvalidation of GSE and supportsystems; test supportoperations_base support
operations;and facility/GSE refurbishment.

Directives

Directives are used to provide managementdirection within a limited area of application
or as a supplementto a plan. They serve to modify a provisionof a plan between
schedulesupdatingsand to expedite actions in responseto programrequirements.

Three types of directives are consideredapplicable to Apollo Programdirection at KSC:

a. Apollo ProgramDirectives (APDs)
h. Mission OperationsDirectives (MODs)
c. KSC Apollo Program Office Directives (APODs)

Other directives which providepro_ram information at KSC are:

a. MSFC Apollo Program Directives
b. IVISCApollo ProgramDirectives



These are considered valid information but do not impose requirements on KSC,
except by decision of the KSC Apollo Program Manager°

KSC administrative directives are issued to provide institutional direction. They are not
program oriented, but mayapply to the Apollo program. They are mentioned here in order
to identify their relationship to the Apollo Program.

TEST AND OPERATIONS

The test and operaUons functions performed at KSC are intertwined. Test is the discipline
while operations is the conduct of the discipline and all that it entails. Operations at
KSC is the managementand technical integration of the preparatioil, assembly, modifi-
cation, test and checkout, com_tdown, and Immcl_of the total space vehicle and is con-
ducLedby tile Launch Operations Directorate. It also eN'_ailsthe irlstallation, checkout,
modification, maintenance, and operation of all vehicle-relatecl GSE. The test require-
ments imposedupon KSC are a natural evol_tionofthetotal Apollo programtest concept.
These requirements include both groun(! and flight tests of vehicle stages and extend to
the assembled vehicle for interface systems testing. In ac!dition to the test related to
the vehicle and its GSE, an extensive test program applies to the KSC-provided GSE
and facilities. It is intended that the test prngram serve to exploit favorable test results,
identify arenasin which hardware does not meet performance specification requirements,
and concentrate corrective actions in problem areas.

Development organizations are responsible for defining specific test and checkout require-
ments that must be performedon flight vehicles at the factory prior to acceptance and at
the launch site prior to flight. Test and checkout requirements to demonstrate cl_eper-
formance of ground support eqtdpment provided by the development organization are in-
cluded. "rest methods, hardwm_ confi_t_watian, test sequence, and other constraints
are identified to the extent necessary to assure attainment of test objectives, protect
hardware from damage, arid provide for the safety of personae;.

KSC directs the development, coordination, il,tegvation, and execution of the prelaunch
checkout phase. Prelaunch checkmJtis the final test ftmction to be performedon the
space vehicle. KSC control of the mission be_lins with receipt of hardware at this
Center and contimtes through the terminal connt(_ownphase as shown in Figtlre 4-.3.
During this period, the developmellt centers contitme to exercise technical control but
KSC is resl)o_]sible to Immc;hthe vehicle from fhe pat!. In _tle clischarcjeof its responsi-
bility, I(SC conducts at_ahl_reviate(tfactory test sequenceon easchsystem, stage/module
and the integrated launch vehicle a_d space vehicle, c[d,d,ai.it_; it_the Flight Readiness
Review (FRR)and Immch.
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Figure 4-.3. Mission Control

It is the responsibility of KSC to insure that the launch site test and checkoutrequire-
mentsprovidean integrated flow of testing. The objective of this integrated test flow
is to permitverification of the functional performanceof essential systemsandtheir
integration into the spacevehicle without unnecessaryrepetitionof factory-level test-
ing. To the extent practicable, the overall test flow permitscorrelationof data between
factory and launch site testing for critical flight hardwarecomponents. The prelaunch
checkoutand launch operation¢requirementsinch=detests that are:

a. Standardor repetitive (requiredfor each vehicle)
b. Mission peculiar
c. KSC peculiar (can only be accomplishedat KSC)
d. Special tests (basedon specific vehicle _u._texperiences)

Launch Operations

KSC launchoperationsare conductedat manyfacilities anJ involve a wide variety of
payloads, both mannedandunmanned°As the Apollo/Saturn V vehicle typifies the
large scale operationsof the future, managementpracticesat this Center are perhaps
best exemplified whenrelated to this vehicle.

In its broad sense, launchoperationsinch_desall preflight activities at KSC as well
as the countdownandflight mission. At this Center, the major effort is that of pre-
paringthe vehicle and facilities for launch. The Operation,s Flow Plan (Figure 4-4)
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Figure 4-4° Operations Flow Plan

The Apollo Program Office establishes the test and operations requirelaents, plans,
and schedules from an overall program standpoint_ The Aoollo "rest Requirements
Document identifies and requires the preparation of the lower level test programdocu-
ments for the review and concurrence of the Apollo Test Director. KSC prepares the
lower level test documents and maintains a technical interface with the Apollo Test
Director.

The DevelopmentCenters prepareand provide the test and checkoutrequirements_
specifications, and criteria that form the basis for KSC test planning. They also observe
and monitor the test and checkout of the vehicle and provide constiltant services as re-
quired. The control schemeand managenlentplan fer prelaunch checkoutand launch
operations between MSFC and KSC are shown in Figures 4=5 and 4-6. A similar
agreementexists with MSC. Review and approval/concurrence authority is retained
by the Developmen_Centers to insure that the test reqtdrement__are satisfied.

00000001-TSF06



STAGE & GSE ICONTRACTORS _SFC t KSC KSC

Ir_ TEST & CHECKOUT---_I[ PRELAONCH CHECKOUT LAUNCH CO/_PLEX 19

KSC Q -_ o LAUNCH OPr'RAT;O,'IS GSE INSTALLATION

I__;E U_ PLAN ASSF_BLY AND

TEST PLAN

j LV CSE
CC'_TRA," TOeS _[ _SFC _ K_.C _ MSFC KSC

v r I , I .ooR--No
_/ TEST _. CHEC_,_.,_I I ) TIcS't ,, CHECKOUT I .-] .......

| K c_ T_a • I - I I PPOCEOUP,ES [ AND GENERATION OF
/ - -_-. I I [ J REOUIRING i • OPERATING SYSTEMS
/ J _L_ . i cl_,_oT_ I P_OORA_S
_LV- _;- LV _SE PT_AOPC'E__$ • TEST PROGRAMS

" /

/ I'E"'"'"_°_A°E'/ I
_t@A..__ / __.L_ Ksc i_ _ ,SFC
L UN/I_'A _/U_ / r ..... I /

Tr_KSC __I OPERATIONS _/ "_ COMPUTER PROGRAWS
FRO_ LOw BAY [..

| ACTIVITY THROUGH I-- L

/ LIFTOFF I F SYSTE, DEVELOPMENT
| J L FACILITY BREADBOARD

Figure4-5. PrelaunchCheckoutControl Scheme

I MSFC KSC

I / -v -'°-1R&OO PROGRAM OFFICE OFFICE

LABORATORIES SATURN V TEST SATURN
MGMT, OFFICE SYSTEM,I OFFIr, E OIRtCTORAT|

' OF

- TECHNICAL i
I I _PROJECT| TeC.NI:ALI _,ooI._u.c. NSrCI.AU.CNl "'="'-_-1 TEST *'Q".L..

IV,.,_.,,,c.,,c,_ , vE,,=_ ..-- .R..C. I-'-:.T
] COORDINATOR _ I MANAGER pROJFC }r• i , REQMTS l PLANS & ¢ J I STATUS

| & TEST PROG_ES_ i
| REPOIiIT$ |

t ........... -4-"-'--'-- TECHNICAL LIAISON -'--'-_ I

00000001-TSF07



!
The KSC Apollo Program Manager is responsible for identifying and defining the Apollo/

Saturn V test requirements at KSC. The managementof this responsibility is per- q
forined by the Saturn Systems Office for the launch vehicle and its stages, the launch
vehicle GSE, and the KSC-provided GSE and facilities. The Apoll'o Spacecraft Office
performs a similar function for testing of the spacecraft, including the spacecraft GSE
and facilities.

The Launch Operations Directorate initiates, supervises, arid coordinates the preparation
of preflight and launch operation.: test plans and is rest)onsible for the execution of
those plans. The Directorate assists the KSC Apollo Program Manager in negotiation
with the cognizant Development Center concerning test and operational sequences, methods
and standards; advises the Program Manager of deficiencies which require the correction/
approval of a Development Center; and develops operational support and resource require=
ments neededto execute the assigned mission.

Requirements documents are generated to foiecast the support needed from the AFETR as
wel! as KSCo Support documents are initiated which detail how the requirements will be
fulfilled. Detailed daily schedules are prepared which break down _:helarge tasks into
meaningful areas of work.

Hardware Specifications

Tile design of the Apollo program is based on a series of sliccessively inore detailed
hardware specifications l)roviding complete traceability from programto project to system.
The technical and engineering considerations governing programdesign are de_erminedby
mission constraints, reliability and crew safety considerations, abort and alternate mis-
sion requirements, and mission operations objectives. The specifications may be clas-
sified as follows:

a. Program Specification. The Apollo Pi'ograln Specification is the first level
technical specification that delineates the performance, design, and test re-
quirements for the various elements of the program. It provides the baseline
upon which lower level specifications are developed.

b. Project Specifications. The next lower level is the Project Specification.
KSC is currently assigned six Apollo projects: Saturn V, Uprated Saturn I,
Apollo Spacecraft, Apollo Space Operations, Launch Support Operatinils, and
Launch Instrumentation. The hardware specifications associated with these
projects are delineated in th? Apollo/Saturn Specification Tree, an example
of which is shown in Fignre 4 7. D_leto the ltniqlte KSC req_'irenlents, how-
ever, these specifications are organized by launch and sui_.nortfacilities rather
than accountable projects.

c. System Specification. The system speciflca!io_ is the lowest specification of
the tree to be idenf.ified and it will include <:,_i)_yslom<_imdcnml._otlentspecifications

00000001-TSF08



as required. The specifications of primary concern at KSC are those associated
with facilities, GSE, and launch instrumentation. The vehicle specifications
are the responsibility of the Design Centers and are of concern as they relate
to KSC interfaces. These interfaces are specified and implemented as a result
of Interface Control Documents (ICDs) developed by either the Design Centers or
KSC and submitted to Inter-Center coordination panels for concurrence. Inter-
face Revision Notices (IRNs) are used to revise or modify ICDs and the system/
project specification as required.

APOLLO
PROGRAM

SPEC

!
IAI"rE,_-

L.tYEL
SPEc

,PPOc/-EC7"_-SPECSI = - I I

¢nSXSTC,

rh rh SPEC3
z o _ LI_

Figure 4-7. Sample Portion of KSC Apollo/Saturrl Specification Tree

Test Plans and Procedures

Developmentorga._izations provide test specifications and criteria, or limits including
redline values and associated configuration cnnstrainEs, by which to judge acceptable
performanceof flight hardwareand GSE as a i_sull, of optimunl checkout operation and
launch sequence studies conducted on that er!,tipmeilt for which they have design respon-
sibility. KSC conducts similar studies on KSC_fllrilished equipment. _These design

00000001-TSF09



studies form the basis for the developmentof specifications and criteria to supportthe
establishment of plansand proceduresthat complementfactory testing andprovide for
a satisfactory level of confidence in the flight hardware,

Test and CheckoutPlans are preparedby KSC in responseto a DevelopmentCenter Test
RequirementsDocument. This Test RequirementsDocumentis dueat KSC 4 months
prior to scheduledflight hardwaredelivery. The KSC Test and CheckoutPlan includesan
outline for accomplishingDevelopmentCentertest requirementsat the launch site and
additional test requirementsthat KSC considers necessaryto verify launchfacility, manned
space flight network, and launch crew readiness or to satisfy range safety requirements.
The Test and Checkout Plan also includes, as a minimum, the following information:

a. A flow plan designating the sequenceof test to be performed°

b. Identification of the test facilities involved in the overall test flow.

c. Cross-reference index to the Development Center test requirements.

d. A system to readily identify revisions.

e. A specific outline for each test that includes:

(1) Test title and procedure number.

(2) Test objectives°

(3) Test location and facility.

(4) Test description in sufficient detail to define the procedure in outline form.

(5) Flight hardware and GSE requirements.

(b) Significant support requirement (in summaryonly).

(7) Identification of any hazardous operations.

(8) Safety requirements, including any special equipment, personnel, proce-
dures, or training requiredfor the test.

(9) A cross-referenceto the DevelopmentCenter test requirementswhere
applicable.

(10) Softw_e requirements. (Prcgrams utilized duringtesting.)

(11) "!entification of organizations outside of KSC that will be involved.

f. A detailed list of deviations from the Development Center test requirementsand

O0000001-TSF10



Tile Test and Checl<out Plan is the master test clocunlentappliecl at I<SC. This Plan is
supported by additional plans as indicated by the KSC Apollo Docu;llent Tree (Figure
4-2), The flails in the Doclllnent Tree incllide tile detailed .quidelines anclprocedures
necessary to accoinplish the I<SC launch operations functions while the Test and Check-
out Plan is a technically oriented document, Ill total they represent the baseline for
I<SC operations and testing.

Test and checkout procech.iresprepared by KSC define the cletailecl step-by-step sequence
of events in a specific test and are generated for each test associated with preparation I
and launch of flight hardware Tile responsibilities and interfacesanlong KSC, Develop- !• I
merit Centers, and contractors in the preparation, revision, and execution of test and
checkout procedures are clearly clefined in supporting clocumentation.

Factory or test site test and checkout procedures which have been approved by the
development organization are used as a baseline, where applicable,in the development of
KSC test and checkout procedures. These factory test and checkout procedures, modified
for use at KSC to fit unique facility requirements, safety considerations, and integrated
space vehicle test requirements,fulfill the objectives of the Test and Checkout Plan in
response to the Development Center test requirements, specifications, and criteria. To
the extent practicable, the overall test sequence permits correlation of data between
factory and launch site testing Forcritical flight hardware components.

The effective use of test and checkout procedures is best illustrated by Figure 4-8
which shows the activity in a highly instrumented Firing Room of the Launch Control
Center during the actual launch of an Apollo/Saturn V Space Vehicle.
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Vehicle Checkout

• Prelaunchcheckout at KSC is conductedby stage contractors under the technical super-
vision of the Launch Operations Directorate. Requiren,ents, plans, procedures, etc.,
are developed prior to the receipt of the hardware° Om;_ the hardware arrives, stage
contractors concurrently performthe inspection/checkout, process in the VAB to ready the
stage for erection on the Launch Umbilical Tower (LUT - same as Mobile Launcher)
while the spacecraft (CommandService Module and Lunar Module) is undergoing check-
out in the Operations and Checkout Building.

Following these checks_ each stage is erected and mechanically mated in one of the
VAB high bays. The compatibility of the smallest modules is verified by performing
system checks since component level testing has already been accomplished at the
various factories.

KSC has the responsibility of integrating the vehicle systems. Therefore, testing is
aimed at verifying the total electrical mate of the space vehicle. These are systems
tests, a series of tests which allow the checkout of the launch vehicle. The same check-
out philosophy is used with the spacecraft, with one difference - the flight crew. The
tests _eadingup to the altitude chambertests are muchthe sameas these for the launch
vehicle.

The first tests involving the creware performedin the altitude chamberwhere the space-
craft is tested at a simulated altitude of over 200,000 feet. These tests are laid out
jointly between the astronauts and test team and are normally 12 to !6 hours at altitude.
Next, additional hardware is installed to complete assembly of the spacecraft.

When the launch vehicle stages approachthe required degree of readiness, they are
erected on the LUT and integrated checkoutcommences. The completionof integrated
launch vehicle checkoutsignifies the transfer of the spacecraft,to the VAB where it is
erected on the launchvehicle. Figure 4-9 illustrates stage erection and assembly
operations in the VAB high bay area and showsthe mechanicalmating of a spacecraft
to the launchvehicle.
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F___i.gure4-9. Stag.,:.ErectLOLTin VAB High Bay and Ace.till Mechanical
i Ma:-eof SpacecraPtto Satu_ll V Laun=h Vehicle

.i

' After the spacecraft has been-erected and mated with the launch vehicle, all testing is
combined, tl_at,is, ,irst.stage through the spacecraft. This integrated space vehicle
testh_g provides further verification of all groundand airborne systems and includes
simulated countdowli.tests, Testing within the VAB concludes with a shmllated flight
test which demmistrates t.hat the vehicle is ready to be moved to the Immch pad. At the
pad,. a further, series of tests s_rves to veverify all systems. Tl_eone major test con-
ducted orlly at the pad is t.he Countdown Demonstration Test in whicl_ the vehicle is
actually fueled as for flighl;, Tt_is is a true d_ess rehearsal for the launch.

• During the test process, assessments are continnally madeto determine the adequacy of
technical, cost, and schedule performance. Key interface milestones are identified,
e,g..+ Launch Vehicle Electrical Mate, Spacecraft Mechanical Mate, as indicators of
accomplishment. ProgreSs reviews are conducted daily, weekly, and molithly at appro-
priate m_tnagementlevels not only to review the cun'ent progress to the plan but to resolve
and anticipate problems that interfere with mission accomplishnleiit of this objective.
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LaunchTeam

It mustbe emphasizedthat carryingout launc_operations is truly a teameffor[, particu-
larly duringthe final countdowN, ManageMentof theseoperatiol_sis conductedthrough'
a task forcedrawnfromthe total NASAorganization(seeFigure 4-10),

.................................DI)DMGRFOR POST_ _. ! POST.LIFTOFF,_._:.................FLIGHTBIRI!C?BR'.................:i

MAHN[OS/F UFT_fF"_ i !..................................i

PRE.UFTOFF! ]........"/_'i?_i'_"i'W........

0 . ...... o,,.,. ...... ,.,.,,.o,,'

_ ] TECH"_A_/ MEOiCALOI_CTO"IL_ _°,.°,°,=,,o°o.°°,.o,,,_.,--,,t !t I

-S-P]CECRAni CONT_=NCY' _
CONTINGEN.C..Y.................. "=1 OPERATIONSI .......... I i

I I
I I
i i,

I

I ....w..c....... ..0..0I .
L _ SUPE,R_I_R I I r

, CHIEF .,,1,S, SUPPOnT|iSUPERtN'iENbENTi[CmF AS,nO_ ii LAUNCHVEHICLE[1! j i| RANGE ! SPACECRAFTTEST .-'i TESTCONOUC]OR ONTROLLEn_LOPE,RATIONS[ETR]I cONOUc?oe COMMUHICATOa,
Figure 4-10. LauncllTeam

The MissionDirectoris assignedfromNASAHeadquartersandoperatesfrombothMSC
andKSC until time of actual launchwhenhe is locatedat MissionControlCenterin
Houston. TheLaunchDirectorat KSCexercisescontrolo[ activities at the launchsite
anddelegatescertainresponsibilitiesto the LaunchOperationsManagerandthe Space
VehicleTest Supervisor. TheTest Supervisorcoordinatesactivitiesof the Launch
VehicleandSpacecraftTest Conductors,KSCtechnicalsupportpersonnel,andothersup-
portelementssuchas the EasternTest Range.

Thetest conductorsrespondto thedirectionof the Test Supervisorduringcheckoutand
countdownactivities. NASAsystemsengineersare responsiblefor eachstageandmajor
system. Governmentmembersaridcontractorcounterpartsworktogetherasa teamfor the
conductof preiaunchcheckoutaridlaunchcountdownoperations. Althoughlaunchteam
membersperformin accordailcewith plannedandrehearsedactivities, problemsmayarise
thatarebeyondtheircapabilitiesor scopeof efforts. WhensuchcOntingencieSarise,
the resourcesof the LaunchVehicleOperationsandSpacecraftOperationsDirectorates
(Directorsand SeniorStaffs)are madeavailable forassistancein solvingthe problems.

4-16
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St_ort Operations

KSC has implcrneiited a formal d_ci.lmentation system that provides a meansby which all
external a[_¢:,,;_i_'._or ir_l:erlialelements of KSC,whrJneed KSC support, can list. thei¢
requirements aiid rer;_:,ive;:_,formal reply° This reply represents a support plan and when
I)ublislled b_corlles dil'ecl:iw_',i,i ilatl}l'e 01/the KSC elements involved, The requirements
documents aiid .upport plans are flexible tn permit periodic updating.

The documentation is separated int,o mannedand unmannedsystems at KS,C. Discussion
is limited to t!_e maimed system for this document.

The major (IocumenL,_for req_estin!i suppo!'tare as follows:

ao "lrl_:,.Program S_ipport Requireinenl.sDocument (PSRD) is a publication of the
NASA/DOD standai'dized document system and is prepared, issued, and main-
tai ned by the OMSF Operations SupportRequirements Office. The PSRDestablishes
the gross requirements necessary for support of a mannedprogramand its mis-
sion, _mi is issued early in the program to provide the support agencies with
authorization to initiate procurement on long lead items.

b. 1he Requiren_entsDocument (RD) outlines in specific detail the requirements
placed on KSC by internal elements, other NASA centers, and DOD to support
a program, mission., or test. The RD is prepared in sul_ficient detail to permit
supporting organizations to plan and budget support.

The major documents detailing the KSC support to be provided ai'e as follows;

a. The Program Support Plan (PSP) is the response of support organizations that
shows how ttle requirei_lentsof the PSRD are to be met.

b. The Support Directive (SD) is the KSC inhouse response to the RD and represents
authorization to proceed.

c. The Work Order is a statement of servicesj repairs, or support required aS non-
rectirring or a secondary stipporteffort. Work Orders also represent authoi'ity to
proceed. They require no support commitmentor prior planning, and are submitted
directly to the supporting elements.

Although numerousinterfaces and exchanges of infot'mationamong KSC organizations are
required in the derivation of operational support requirement,s and responses0 the general
flow of documentation is as shown in Figure 4-11.
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Figure4-11. Typical Flow of SupportDocumentationaLKSC

TheKSCOperationsSupportOffice is the responsibileKSCcontactforoperational
requirementsleviedonKSC:supportelementsandI_orthe disseminationof the resulting
KSC supportplan. This office is alsor_sponsiblefor the preparationof KSC inputsto the
PSRDandPSP, for keepingthemcurrent,and for the consolidation,publication,and
distributionof RD, PSP_ andSD documents.

The supportmissionof KSC is to makeavailableto all programsthoseKSC facilities which
havebeendevelopedfor the Apolloprogram. The functionof supportbecomesa methodof
definingrequirementsandprovidinga supportresponseto requirementsleviedonthe Cen-
ter byexternalagenciesor by a KSCelement.

The majorar_.asof Supportare summarizedin Figure4-12. The informationsSystems
andSupportOperationscategoriesportrayedthereinarethe responsibilitiesof the
TechnicalSupportDirectoratewhereastheAdministrationandSafetycategoriesare
the responsibilitiesof the InstallationSupportDirectorate=
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• £DV
DI_SIGNSERVICES. I,,,NOR.CONSTRUC_JON" .---

• INFORMATIONSYSTEMS
TELEMETRY-GROUNDSTATION METEOROLOGICALMEASUREIV,I_NTS
DATA DISPLAYS TIMING & COUNTDOWN.
COMPUTER OPERATION5 CLOSE*IN.TRACKING
APOLLO LAUNCH DATA SYST-EMS(AL.D$) GROUNDMEASUREMENTS

e--ADINISTRA.1]ON
SECURITY eO03 SEl_.l_ _
MI_D4CAI.---_ TRanSPORTATION.

• SAFETY*
PAD SAFETY ASTRONAUT _'GRESS
INDUSTRIAL SAFETY. EMERGENCYRESCUE

• SIJi_PORT.OPERATIONS

FIRE PROTECTION GLEANING SERVICES
METEOROLOGICALPREDICTION Ol.S- O.TV- PAGING
FIXED & MOBILE STRUCTURES REPRODUCTION
POWER PHOTOGRAPHIG-
COMMUNICATIONS CALIBRATION
HEATING - AIR CONDI/JONING- PROPELLANTS & GASES

VENTILATION HAZARDSMONJ_tNG

,, Ei.gure4-12, KSC AreasofSupp_o_H;.........................................................................................._......

Vehicle Techni._alSupport

The ApoHe/Sal:um._ehi.cletechnicalsupporLacUvi.Ues(ad_nisf.eredby.the.Technic.d.
Support.Directorate)Includethe management.o[Apollo _esourcesapprovedandaLLocated
for the task, test supportcoordination_withoutsideagencies,andthegeneralmanage-
mentof support,operations. Thevehicletechnicalsupportactivites realize,the follow-.
ingobjecLives:.

a. Themanagementof launchsupperfacilities andequipmentto sup.porL.a..require-
meritforoperationalreadiness.

b, .Theimplementation:o[an.i.ntegrat,ed logisticpin, am.for.responseto.the sched.......
_: uled andunscheduled:mainLe_nceof launchsupport;,facrlitles andequipment

Includ.iagtheprovisiorm,of.p_pel.Lant,s._

¢,........_ager_ent, of test,am.asin suppoct,of spacecraft:andlaunGhvehicleresins.
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Launch Data SysLQITIS Support

Launch Data Systems Support (al_(')ddminisl,erefl by the Technical Support Directorate)
includes resources mana(jemeiK,Loci,ileal arl;_.lysisof Lestand launch data, coordina-
tion of instrun]entatiou r_quirement_ with outside aqencies, and the development of
measurementspecifications and critc,ria° Implementati_n of this suppc_rtfunction
accomplishes Lh_foll(_winq ohjective,_ Le.

a. Develop a KSC infernlation _y,_temfor the acquisition, halldling, and distribu..
Lionof data in st_pportrJl Isxlltl_',h_ysLc'n_s.

b. Provide ;_fec,d point t:c_rthe consolidation of instrumeutation requirements
ethel than that il_51:rtml(,ntal:iononhonrd the fli_jht vel]iclc_and the related check-.
r}nt eqnipme_lt.

c. Supply s(_condary_taud;c_rdsf(;r Lhc_c_libration of launch system measuring
devices.

FACILITIES

The Apollo programcreated an extraordinary requiremunt for f.he acquisition of land and
facilities at KSC. NASA rec_:iwd funding authority under the Construction of Facilities
account to purchase _7,800 acres north arid west of the existing range. The land has
been purchased and construction is now essentially complete on the launch comp!exes
and support facilities for the Apollo program.

Facility projects to he financed under the Construction of Facilities appropriation are
subject Loa four-pt]ase programnfingcycle wiU1 approval tO initiate each successive
phase based upon the results of the preceding phase. These four phases ar_ conceptual
study, preliminary design, final design, and project execution.

The programconcept for KSC facilities allocated to Apollo/Saturn operations include
Complex .34, .37, and 39 for launch operations and the Industrial Area for testing of
components and systems. These facilities represent a technological evolution developed
from experience gained during earlier projects. By "_heirdesign, they representa highly
sophisticated concept for the integration of facilities with the space vehicle and the
severable ground support equipment.

The knowledge gained I:romthe adaptation of conventional faciiJties to the increased
dimensions presented by Saturn I and Uprated Saturn I vehicles provided the oppoff.unity
to evaluate new facility applications. The dimensional constraints presented by the
Saturn V launch vehicle produced facility requirements to a scale never before attempted.
The construction, activation, validation, and operation of these facilities present man-
agement complexities which impact both program-oriented and center-oriented orgariiza-
tions.
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.ConceptualSb_.=y

A concepttialstudy to establishthe nature_f the functional requir_.mentmaybe under-
takenat any time a facility requirementis Identified, either in institL'i!onalmanagement
or in the courseof condlictiuga R&Dprogramor project, A conceptualstudydetermines
the feasibility of a requirement,selects a concept, and providesan approximatecost
estit_ate, At KSC, conceptualstudies arenormallyconductedby an AJ'chltectural/
En_Jineerinqor supportcontractortinderauspicesof the DeskjnEng!neerln9Directorate.

i

Pr_liminaryDesign

Onthebasis of a completedconceptualstudy, a preliminarydesigneffort maybeunder-
takeneither by the CenterDirectoror tile ProgramDirector. Prellminarydesignembraces
tile nlosteconomicalaridsoundengineeringmethodto fulfill the functioilal requirement.
It providesa basis for final designanddetailed specificationsand includescostestl-
i_atesto supportsubsequentbudgetsLibmissioils.The preliminarydesigneffort is .
fundedfronlthe facility planningand designportionof the Constructionof Facilities
appropriation. Managementof the effort is providedby the Civil EngineeringBranch
with anArchitectural/Engineeringcontractorul_deicontractto KSCor the Corpsof
Engineers. A PreliminaryEnqilleeringReport(PER) is preparedas a resultof this
effort.

Final Design

hpprovalto executefinal designof C of F proje_tsrestswith theAssociateAdminis-
trator. A PER is requiredto accompanythe projectproposalif it iS t.Obe includedin
the=lextFY budgetrequest. Anearly approvalis desirableto providea basisfor
awardof constructioncontractsas soonas possibleafter appropriationof funds.

Final designentails thedevelopmentof detailedspecifications,drawings,etc., to
supportthe final bidpackage. Managementandfundingof theeffort,is identicalto
that of the preliminarydesigneffort.

ProjectExecution

Theexecutionof the projectbeginswith the Centeractionto openbidsandawarda
constructionproject. Thecompletionof the final designpackage,evidencedby the

. openingof bids, signifies the transferof responsibilityfromthe Civil Engineering
Branchto an El_gineeringManage_for theconstruction-,fabrication/installation,and
testing phase. After awardof cor_tract,ttle facility is activatedby the supportcon-
tractorunderthe cognizanceof th_ EngineeringManager. Fundingfor the project is
appropriatedfromthe CenterC of F budget.
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ENGINEERING

Sysr.emsEn_jlneering

Systemsengineering activities are directed toward assuring the overall compatibility,
mission suitability, feasibility, and cost effectiveness of the integration, launch,
and test and checl<outsystems utilized at KSC. Activites include the initiation,
direction, cm]duct, control, and manaqementof analyses, studies, evaluations, and
design reviews.

The ._ystemsrequirenlents, in terms of technical parameters,are derive.d fronl {.heApollo
Program Director policies, dir(mtiv(m, and specifications. From {.hoseparameters,
Systems Engin(.,ering:

a. Defines hardware, _oft.wal'e, facilities, p(;rsonnel, and procedural daf_a
required to fulfill total system or project nhj(;ctives.

b. Develops performance, design, and test requirements during early design on
thebasisofintegrationandtrade-offofsystemsperformancerequirements,
systemelements(hardware,software,facilities,proceduraldata,and
personnel),andend-itemdesignconstraints.

c. In;on'elatesthedesigneffortwiththedevelopmentrequirementsfortest,
production,installationandcheckout,acceptance,qualityassurance,main-
tenance,and l}ersonnelthroughoutthelifecycleofthesystem.

d. Providesthenecessarycriteria=nthesystemperformance/deslgnrequirements
generalspecificationanddetailspecificationsforevaluatiMgcontractordeign
developnlentapd productioneffortagainstspecifiedporformance.

e. ProvidesthetechnicalbasisforconfigurationmanagementactivltleS_such
asdefinitionandjustificationofprogramrequirements;establishmentofthe
programrequirernentsbaseline,designrequirementsbaseline,andproduct
configurationbaseline;developmentofspecifications;andjustificationof
engineeringchangeproposals.

SystemsEngineeringManagementObjectives

The managementobjectivesofSystemsEngineeringaref.o.

a. Providean over'allfunctionalsystemanalysisforthetotalKSC compl_x
devotedtoprelaunchand launchofvehiclesassignedtotheApolloprogram.

b. Make preparations,participatein,coordinatefollowupaction,and submit
proposalsforimprovementofsystems.
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c. Prnvidt_ r_.colrtlli_ltt',itl._t_ll!, cljllcx!llljtlfl li!diq_r (_tl;tliqc_ I,r_t,,jgid:_I:tlrOUgil t.hl_

_n_.'_nlnid. of rnndijlcal,inn_,

d, Fh'ovidn.._l'igilial _11¢1ddv;.Irlcedpli_n!.,lot iliit)r(jw:lilclil_ [;)f KSE SyStelTI5while
as_urlflg tll_/L;_11chnnfl_._r(:mJP-Linwilhill I:ll_ I_i(JlJlld,:lrip_,f__f the, programs,

e. Pl'ovi{h_I'r:_]/Jl]llll[:rldFItj(ili_; (;(lll(](_rliJl}q l.h__' JlittJ;]c,[ ()t: t/r_'w Dr mc_dified pro.qra1115

t}r(_ljasc,{Itor 1(_3{,'fllr, jl.l!lhnrlnlyl.ir:;d _lll_,lI)l'_i¢:tjczd {.:v;_lnatianSaf colic_pt_,
systet11S_ l}l'(]cc,(lllre!,_ _.)1)(_.1'flI1(_11!4_III;_III.{_I'iL_Is_Lt.ll[I I}l'rJ_esS_,

f, I_rnvidn elt_jill(:l_rillq _,(Jrvj(_:e_fi lhrc_llql-i COlltl';_ll;.Lclr£,Lfl dnvel(_ptap_le.vel KSC
5yst[_lll_ :]pf_(_jlic_ltJitll,g [fl c()v(._r Apollo l'_)qllJrp_lll{_lll',;,

II. Pl'_ntid(:_(_olltrn(;I.or:._l)l_ort inr !.1_(:i.llnil_i_,l_ri:_.!J{'_l___1lhc' Li_lllch OperaLJon_
Pm,-I (LOP) T!.i.s ill_:l_{l(,t1,rc_(_r,rdiri!t, I)r(_l)ari_ul,_ul(Idi_itt'ihutin_tLOP
IllillUt()_;/i_lf,.tioll item!; ,url iill_:ddfl(:l!l_H:ld,_itioll.TI.., (;Olitl'_.|cl*.l)riS I'espon,_iible
for tile ,]dlllilliStr_]t.iflrl (_[ 1;11(;1.01_ ICD/IRN Pl'_')!Ji'dl_l_ illfihldhlq prep_lt_ltiollof
pro{:e,dnr(:_:;,i,r_ukillg nf doGIiIIll;_ill,;i[J(nl Status _ In;lifll;eil{Ulc(_ of log I,)ook, _lrld

Systetll5 EIl(tinl!erJlHt'r(-_(:lllli(lll('_b;.lllII hlt.(,!rtL_(:o!;

The at)l)licatiol_ of I{!{;hnJ(lll(:_;ll|d I)1'{l(:£'_(-_'_;i,_;:;lll)j(_l_.tt{) tl_e coustrBint$ imposedby
the Apollo Progl';._tll IVli;_l_;(:lor,

Tt_e first step of the process st,_rl.,_by idelltifying 5ysf,{)'lll reqllirelllerlts such as those
conLainedin specific ol._eratio:!;:_lrequirements, and I;.r_l_laLingthe operational require-
ments into fnllCtion_l r(:,(il=i,'{:'.h:_:rd.5.

These functions and associ:_.tedcril:erin are,;_nnlyzedand translated into design require-
merits. The design req_iremenLscomprise all requirements (including design con-
straints) that have a bearing on the functions being analyzed. These requirements are
recordedon RequirementsAllots;Lion Sheets (RAS) and timeline sheets.

System/design engineering StLl(lie._are performed to determine the selection o._functions
and functional sequence, and _.odetermine tl_e design, personnel, training, arid pro-
cedural data requirements imposedby functions.

Ut;iiizing the design approach determined from .system/design engineering studies, the
design requirements developed are integrated into contract end items (CEIs) and the
GEl performance, design, and test. requirenlents are recorded on a design sheet. These
requirements sufficiently define engineering values with associated tolerances to pro-
vide criteria for the detail (h.sign, development, and test of the contract end item. The
design sheets document the "design to" and "test to" requirements for contract end
items and, st_h.qequently,become sections three and rotorof the corresponding Part I
detail specification.
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W!mn tile fundam_:nbdcycle af the _:y_Leli-0eli!lirieeriilfl prnce_;s i_;doclullellted in Ule
first I_w_l funcUonal flQw black diagram and RAS, Trade Study Reports, and design
sheelLgI'iave been cnmpleted, the 'i_ecandlevel fi.lrlcti_ns are identified and the funda-
nmiltal praces", repeated. The same procedlirc: is fallowed for ariy additional levels
required t_l define and de_ifln the sy_tc_nl. A qeneral _uiniliati_il of the systems e_lgine-
eriilg functionr._is depicl.c:din I-:iqure4,o13.
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Figure 4-13. Systems Engineering at KSC

Design Engineering

Design Engineering functions as the single design element at KSC (responsive to the
needs of user organizaUons) embodied in the line organizations. These user organiza-.
Lions (with the assistance of Design Engineering as required) establish, define, and
justify requirements for inclusion in the KSC budget. Design criteria are then developed,
specifications prepared, and detailed design undertaken. Checkpoints in the form of
design reviews at the 30-percent, 60-percent, and 90-porcent completion puints are
conducted jointly with the users.
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Test and acceptance plans are developedby Design Engineering and, uponcompletion
of the project, testing and final acceptance is performed in accordance with these plans,

Follow-onactivities consisting of configuration management, technical surveiliance _f .
maintenance and operafion._, modific_'.ion._, ar:._corrective, action_ are performed by
Design Engineering. Users obtain the requfred design res_m,';e thi-Jugh interface Revi=
sign Notices, Engineering Change Proposals (ECPs), Change Requests ';CRs), Field
Engineering Changes (FEC), and Unsatisfactory Condition Reports ([ICRs).

Design Engineering Implementation

All technical direction wit.lziiqDesign Engineerir;g emanates from Engineering Managers.
The Engineering Managers and Technical Divisions have a coresponsibilit_y to ensure
maximumutilization1 of the technical capability of the TechrdcaLD.LvJsion.

The Engineering Managers and their areas of re,._ponsibility are as follows:

a. The Civil Engineering and Facilities Manager is responsible for the contract
'_.echnicalmanagementof the Facilities Contractor and for controlling, scheduling,
_,..' budgeting of facilities within KSC.

b. The LC-34/37 Engineering Manager is responsible l:or the contract technical
managementof the Uprated Saturn I Mechanical Systems Contracf.orand for
controlling, scheduling, and budgeting of mechanical systems within LC-34/37.

c. The LC-39 Engineering Manager is responsible for the contract technical man-
agement of the Saturn V Mechanical Systems Contractor and for controlling,
scheduling, and budgeting of mechanical systems within LC-39.

d. The Electrical/Electronic Engineering Manager is responsible for the contract
technical managementof the Electrical/Electronic Systems Contractor and for
controlling, scheduling, and budgeting of Electrical/Electronic Systems
within KSC.

in compliance with appropriate KSC policies and directives, the Engineering Managers
are the Configuration Control Board Chairmen and also the Chairmen of appropriate inter-
center panels and subpanels. In order to provide the Engineering Managers with the nec-
essar.ytechnica4capability including the, performanceof cost evalua_i_nstudies _impact studies,
and technical reviews, the Technical Divisions provide membershipfor the CC8, panels,
and subpanels. Additional responsibilities are discussed in Section .3 of this text.

Design of major modifications or new systems projects are technically managedby the
Technic,al Divisions normallyfhroughemploymenton contract of a designer or architect/
engineerfirm, Construction, fahrication/installation, andtesting of such major
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;nodifications or new projects normally is managedby one of the existing Engineering
Managers or an additional Engineering Manaqer established for this purpose. Transfer
of responsibility from this division to the Engineerincj Manager is at the point of com-
pletion of design. During the construction, fabrication/installation, and testing pflase,_
the design engineers from the Technical Divisions provide support to the Engineering
Manager in field engineering, surveillance of inspection, and in acceptance andquali-
fication testing.

The Technical Divisions technically managecontracts (throughcornpletion)for the pdr-
poseof developing technology to advance the state of the art. This type of contract is
obtained through KSC procurementand may be in the form of a work order to the labrra-
tories or shopsunder other KSC organizations. When a developmentof technology ;on-
tract results in a major modification or new project, the accomplishmentfollows the
proceduresoutlined for major modifications to existing hardwareor equipment or new
projects in order that fabrication/installation is managedby an Engineering Manager.

Design Engineering Requirementsand ChangeActions Flow

Processingof changesa._eclassified into five types of action as follows:

a. Receipt andAssessment. All requests for engineeringchangesare processed
throughthe responsible Engineering Manager Configuration Management
Office (CMO) or other assigned processingfunction for logging, processing,

; and suspense control. The Engineering Manager Technical Representative
oversees the contractor development of an initial technical evaluation wtlich
consists of a preliminacy engineering assessment,of the engineering change,
unsatisfactory condition, or initial programrequirement.

The Technical Division Design Project Engineer or the Engineering Manager
Technical Representative determines the mandatory nature of the engineering
changeagainst approved mission requirements. For mandatory changes, the
cognizant Engineering Manager iSSLieSa Configuration Control Board Directive
(CCBD) to the contractor to proceed with design and submit a "record" ECP.
The receipt of an ECP, or request for an ECP-designated emergency, produces
an immediate engineeringassessment by the contractor and an expedited ECP
to the CCB. The Configuration Control Board (CCB) Chalrmall takes action
on the expedited ECP immediately upon receipt. For this policy, Field
Engineering Changes (FEC) are considered emergency changes unless other-
wise identified by the CCB Chairman. Unsatist_actory Condition Reports and
each emergency UCR are received and processed within the time constraints
identified by MA 5.320.1. Interface Revision Notices to Interface Control
Documents are processed in accordance with the Launch Operations Panel
Procedure No. "lOO-O00"l/'l. New programrequirements are processed

.......... 4-2_
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through the Reqnirenlcnt,s and Resmirces Office in accordance with t,he pro-
visions out,liried in the Design Engineering Handhookfor Praqrainndn_jand
Fundinfl, or otherwise estahlished by the Requirements and Resources Office,

b. Processing and Changes. When a preliminary engineering assessment has
t}een made', the mission support contractor complet.es_he ECP. On those
changes not.recommendedfor approval by the mission contractor, the mission
contractor completes only the preliminary assessment. The completed ECP
is forwarded by the support contractor to the appropriate Engineering Manager
CCB for processing. If the proposed change has an impact on authorized
schedules, approved budget.Program Operating Plan (POP), or another Center,
the engineering change is submitted along with a recommendationto the appro-
priate Level III Configuration Cont,rolBoard. If the ECP has none of these
impacts, it is processed and appropriate direction is provided to procurement
or the installing agency.

c. Accomplishing Approved Changes. The responsible Engineering Manager
processes approved actions through one of the following channels as appro-
priate.

(1) For work value below the limit, established in the support,contract, the
action is normally processed directly to the cognizant support contractor._

(2) For work value over the limit, established in the support contract, the
action is processed through procurement channels.

(3) Facility actions are processed to the facilit,ies support,contractor through
the facilities contract technical manager.

d. installat,ionof Work packages. Schedule for installation of the work package
is estabiished through the operationally responsible organization. In the
event the operations contractor is different than the engineering contractor,
the work package is identified as a modification kit pet K-AM-O_2/2.
Should the operationally responsible organization or the contractor disagree with
the recommendedinstallation of the work package, the Engineering Manager
CMO is informed. Contractor state,.,ent of disagreement is submitted on a
Non-Concurrence Notice (NCN) form stating in detall all reasons for non-
concurrence. Operationally responsible organization concurrencewith the work
package requires only an Installation Notice Card (INC) card submission after
completion of work.

e. Programmingand Fundlng Requirements. The cognizant Engineering Manager
assures that atl pi'ogramininganti funding criteria set forth in the Design Engi-
neering HandbOokfor Programmingand Fundimj or otherwise established by
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the Requirementsand ResourcesOffice aremotor that deviationsfromthese
criteriaare obtainedfromthe Requirementsand ResourcesOffice,

A simplifieddiagramto representa typical changeaction flow is shownin Figure4-.t4_
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Figure4-].4, TypicalChangeAction Flow

RELIABILITY AND QUALITYASSURANCE(R&QA)

Theapplicationof theR&QAprogramat KSCemphasizesthe significanceof accurate
assessment,adequateandtimelycorrectiveacLion,andcontinuingprogramimprovement.
It providesto the lineorganizationsthe directionforestablishingthechecksandbal-
ancesbywhichimplementationof test., checkout,andh_uncl_disciplinesare-e-valuated
andaud$ted.

TheQualityAssuranceDirectorateis the KSCpoirltof contactfor all R&O.,Amatters
exceptthosethatal'eApollopro_amrelated_.nd,inthiscapacity, establishesthe
CenterR&QApolicy.

Apolloprogramor projectrequirementsandproceduresare channeledthroughthe KSC
ApolloProgramManager(R&QAOffice)concurrentlyto the line directoratesfor imple-
mentationandto the QualityAssuranceDirectorate. The QADirectoratereviewsthese
requirementsandproceduresfor conformanceto establishedCenterpolicy.
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TheApollo ProgramSpecificationd_lineatesthe performancerequirementsfor Apollo to
includethe reliability goals for the illajor projects, "lhe provisionsof Apollo Program
Reliability andQuality AssurancePlan (NHB5300.1A), ReLiability ProgramProvisions
for SpaceSystemsContractors(NPC 250-1), Quality Prognm Provisionsfor Space.
SystemsCon[rackers(NPC 200-2), and InspectionSystemProvi,_ionsfor Suppliersof-.
SpaceMaterials, Parts Componentsand Service(NPC.200-..3) constitutethe ba.sic
requirementsfor the Apollo program,

The KSCApollo ProgramManagerIdentifiesthe requirementsforApollo Progl.amR&QA
managementat KSC. Theserequirementsare documentedin an official programdocu-
mententitledthe Apollo/SaturnReliability andQualityAssurancePlan, K-AM-05.
The managementof the KSCApolloReliabilityandQualityAssuranceProgramrests
with theApollo R&QAoffice which:

a. Providesthe directionfor implementingthe requirementsdelineatedin the
programplan, K-AM-05.

b. interpretsnewrequirementsor changesto existingprogramR&QArequirements
as receivedfromthe Ap_o_lloProgramDirectoror ntherNASACenters.

c.__Organizesandintegratesa reliability andqualificationtestingpolicy, a
failure reportingsystem_anda criticality andrelatedsingle failurepoint
potentialpolicy.

d. Developsandintegratesa systemto monitoi,aridassesstheeffects of the
checksandbalancesappliedto operationalfunctions.

e. Performsthe programmanagementreviewof line directorateandcontractor
R&QAplans.

TheOperatingDirectorateresponsesto the R&QAprogramare:

a. To developandorganizea systemfor implementingthe requirementsdelineated
in the ReliabilityandQualityAssurancePlanwith theoperationalresponsibil-
ities of the Directorate.

b. To monitorthe applicationof the contractorR&QAplansto theApolloProgram
policyandrequirements.

c. To implemunta reporti_gsystemto assureaccuratedocumentationof failure
experienceandrequiredcori'ectiveaction.

d. TOapplytheeffectsof checksandbalancestOtheassessmentof hardwareand
theadjustmentof techniques.
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R&QA Implemefltation

Each KSC line or_tanization develops detailed operating procedures for accomplishing
the R&QA functions assigned, Review for compliance with Center policy and technical
adequacy is the responsibility of the QA directorate, KSC program and project manage-
ment elements review the line operating plans to assure that they meet the particular
program or project requirement.

The QA Directorate monitors line organizations to assure adherence to approved plans
and procedures and advises the appropriate managementelements of if.s findings, Sup-
port of its mission is obtained from the Installation Support Directorate (Quality Engi-
neering) and Control Division which provides_

a. Quality engineering review and analysis of engineering drawings, specifica-
tions, and procurementdocuments to insure incorporation of adequate R&qA
requirements.

b. Consultation at bidder conferences_ contract negotiation and pre-award
conferences.

c. Contractor proposal evaluation andparticipation in contractual changes and
modifi cations.

d. Quality surveillance of off-site hardware contractors, including government-
agency delegated quality surveillance functions.

e. Receiving inspection of all technical equipment and materials.

f. Quality operating plans.

g. Quality surveillance of the mission support and ore.site hardware contractors.

R&QA Constraintsand Disciplines

The Apollo R&QA function af. KSC assures the integrity of the Apollo programhardware
by providing an organized application of the constraints and disciplines expressed in
applicable NASA and Apollo Programdocuments. This is accomplishedby emphasizing _-
the significance of accurate assessment, adequateandtimely corrective action,a_t
continuing programimprovement;andby providingto the line organizations the direction
for establishing checksand balancesby which the implementationof test, checkout, and
launchdisciplines are evaluated and audited.

i

The KSC Apollo Progi'amManager Reliability and Quality Assurance Office organizes
and integrates the managementfunction through the ApOllo/Saturn Reliability arid quality
Assurance Plan. The techniques by which this managementis applied are subject to
constraints imposed by the control plans of other KSC managementfunctions as follow_,:
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a, The iniplementation of requirements, the decisions affecting the acceptability
of hardware, the proposal of changes which affect schedules, and the measure-
ment of reliability and quality assurance testing are to be in accordance with
resources authorizations aiid the provisions of the Apollo/Saturn ProgramCon-
trol Plan, K--AM-O1.

b. Tile integration of failure reporting and the function of failure analysis includes
recognition of I:ho logistics requirements of the Apollo/Saturn Logistics Support
Requirements Plan, K-AM-02, for spare parts provisioning and storage and
the maintenance of equipment.

c. The proposal and application of chan_jesresulting from failure analysis are in
accordance with the Apollo/Saturn Configuration Managoment Plan, K-AM-03.

d. Documents developed for applical:;on '.o the Apollo R&O.Aprogram are produced
in accordance with the Apollo/Sat.urn Data lVlanagementPolicy and instruction,
K-AM-04.

e. The training of personnel in the procedures and techniques of failure reporting
and analysis, reliability and qual ification testing, and assessment is orga-
nized in accordance with the Apollo/Saturn Training Plan, K-AM-06.

f. The application of reliability and quality assurance testing and the measure-
ment of the checks and balances are in accordance with the Apollo/Saturn
Vehicle Technical Support Plan, K-AM-07.

g. The performanceof tests is in accordance with the requirements of the Apollo/
Saturn General Safety Plan, K-AM-08.

h. The coordinationof contract and/or procurementactions and the utilization of
KSC administrative support are in accordancewith the General Services tland-
book, K-AM-09.

i. The application of reliability and quality assurancetesting andassessment
include recognition of the capabilities definedwithin the Apollo/Saturn Launch
Data Systems Support Plan, K-AM-O'IO.

PROGRAM CONTROL

The KSC Apollo Program Control Office, in accordancewith established Office of
• MannedSpace Flight (OMSF)policies, functions as the central point within the KSC

Apollo ProgramOffice foi. the coordination, correlation, integratiotl, implemen-
tation, and conti'ol of all Apollo Program requirements. The Program Control Office is
responsive to directives, policies, guidelines, plans, and procedures issued by OMSF
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throughthe Apollo ProgramDirector Office. It also integratesother Apollo Program
Office activities including initial planningi organizatiml; Implementation;and integra-.
I:ionof effort relative to schedules, funding, resourcesutilization, contract coordina-
Lion, logistics, configurationmanagemenbanddatamanagement. It providesprogram.
Managementsystemsandsurveillancethereof to assuretllaf,all inforlnationfor Apollo
programmanagementreview anddecision is available whenrequiredand properly
assessed. Theappropriatemanagementsystemsandtheir application to KSCare
identified in Figure 4-15.

_UlHi

APOllO MANAGEMENI SYSTEMS

_'_'_'--"-"_ * CUSTOMFIT TO KSC

• LOCAL TI_AINING PROGRAM

e INTEGRATION OF SYSTEM_

• ELIMINATING DUPLICATION

• MEASURE ACCOMPLISHMENTS

i

Figure4-15. ApolloManagementSystems

Theobjectivesof programcontrolare to establishmethodsandproceduresfor transla-
ting ApolloProgramrequirementsandschedulesintodLscretepackagesfor preparation
by line organizationsof plansto meetsuchrequirementsandto performSystematic
analysesof theseplansagainsttotalprogramneedsandavailableresources. The
ProgramControlOffice, in effect, providesguldei;'lesto the line dil'ectorateswho
interprettheseguidelines,applythemto the managementof their tasks, andreport ."
progressto the ProgramControlOffice. Continuousperformancemonitoringandthe
resultantidentification,evaluation,andresolutionof problemsis representativeof the
joirit effortsappliedbyall organizations,
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The implementatio,l af the program control fimctian affects to sonic dQqreevirtually all
orga_.izations whose:activiLios cantrilmtc, to the canducl, of the Apollo Praftran]. The
establishment of policy, implementing procedures, and managementsystems to maintain

coqnizance of tile pra_lramtmsture injects prmlranl caHtrol into all aspects of proftraln man-
agement. "the Alml!a/Saturn Program Control Plan, K-AM-01, delineates processes
and mettmdoloqy af applyiaq management techniques to the accomplishment of the program
central re,_ponsihilitier_. A descriptinn of the review, reports, measurements, etc.,
utilized by the KSC Apollo Program Cnntrol Office: is discn.,;sedlater in this section.

Control Systems

It is essential that Apollo control systems be formalized to guarantee thai; each of the
thousands of persons involved is aware of policy, policy changes, and programspecifi-
cation within his sphere of respollsibility. Each person must know so he may quickly
respondto programrequirements.

Control systems define working parameters for program implementaUon_ require reporting
of status andstatistical information, and allow frr managementsummarieswltich are used
for trend and exception reviews. Each KSC control system fits into classic aerospace
and managementcontrol techniques which are Configuration Management, Data Manage-
ment, Logistics, Schedules, Reliability and Quality Assurance, and Resources.

Configuration Management

The application of C'onfiguration Managementfor the Apollo Programat KSC provides a
factual relationship between equipment and associated documents. Objectives of the
Configuration Management Systems are threefold: identification, control, and accounting.

Identifying the configuration of a system, or CEI, is accomplished at the time of acquisi-
tion or by subsequent configuration audit. This identification becomesthe baseline for
the item and serves as a starting point for configuratir, n control.

Configui'ation for an item is controlled through an organized review of all _:hangespro-
posed for the item. This review and evaluation recognizes schedule impact, funding
requirements, spare parts adjustments, and technical justification.

An accurate tracking and visibility system provides an accounting for configuration.
Accollnting starts with the baseline identified for the item or system, and documents
each proposedchangeto the baseline. The tracking provides a step-by-step progress
report of all actions pertinent to the change, bof.h cuf'¢entand hlsta¢ical.

Configuration Managementrequirements are identified by the KSC ApOllo Prograitl Man-
ager and documented in the KSC Apolio/Saturn Configuration Maiiagement Plan,
K-AM-03,
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Data Management

The Data Management System for the Apollo Praqram at KSC is nr_janiz_,dto identify,
justify, control0 and disseminate the documents which ;wf, si_]nit:icant to the program.
The basic objectives of the Data Management System are to;

a. Provide an integrated series of doculr,ents useful for profit'amimplementation,
b. A_sul'e that proposeddocumentation _,atisfie_ a pro_4ramr0_:ed.
c. Control documentation at a minimum_.¢,_:ntial lew_,l.
d. Evalut.e the cost of a document with it_ maua!jem_:altor toclbni_;alvalue.
c, Present document posture visibllll_y throuflh organized _g_:heduliug.

Effective documentat.ionmanagementat KSC is accomplished by the use of contract data
packages that provide the basis for formal contract negotiations witl] contractor elements.
Contractually required dal.a is identified on Data Requirements Lists (DRL) which serve
as contractual statements of the quantity and kind of documents to be furnished by con-
tractors to satisfy programrequirements. Data Requirements Descriptions (DRD) describe
the types of data required, thei_ contents, and preparation information for items identified
oh DRLs. Documentdisf.ribution in the requiredquantities to designated addresseesis
established by DocumentDistribution Lists (DDL). A DRL-DRD-DDL group constitutes
a contract data package.

Requirementsfor data managementat KSC are identified by the KSC Apollo Pr,_gram
Manager and documented in the Apollo/Saturn Data Management Policy and In.._truction,
K-AM-04. The essential elements are summarized in Figure 4=16.

Loqistics

The management,of logistic support for the Apollo Programat KSC includes the two
basic functions of development of iogisf.ics products and services, and managementof
logistics resources. Logistics managementsupports programrequirements in the areas
of managementinformation, equipment/facilities maintenance, spares provisioningt
trauspoff.ation, propellants and pressurants, ordnances data processing, and technical
logistics data. Logistic support requirements are iderltified by the KSC Apollo Program
Manager and documentedin the Apollo/Saturn Logistics Support Requirements Plan,
K-AM-02. The basic logistics managementflow is outlined in Figure 4-17.
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Figure 4-17,_ Logistics ResourcesManagementFlow

Schedules

The achievementof the missions andobjectLveSof the Manned Space Flight Program
requires that all programefforts be undertakenon the basis of approvedschedulesand
the Lime-phasedapplication of authorizedresources. Detailed plans and schedules
are preparedby line organizationsandreviewed by the KSC Apollo ProgramControl
Office to insurecompatibility with overa!l Apollo schedules. This office monitorsthe
accomplishmentof plans and schedulesto ascertain the effect and impactof problems

.uponthe KSC ability to meet its programcommitments.

Work-Schedulesare developedwithin the Site Activation Office and the Directorate for
LaunchOperationsto p_'ovidesingle point direction during the activation and operations
phases.

The schedulingsystemis structured to ensureclear lines, of accountability for program
status andto providea meansof measuringprogressin terms of milestones, funding,
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cost, and manpower. The KSC Apollo/Saturn Milestone Schedules and PERT Networks
are primarily related to the KSC efforts of design and development, site activation, and
launch operations.

The multiplicity of facilities and long lead times associated with bringing these f,-'_ilities
to operational readiness has necessitated the concurrent accomplishment of activaJon
and operation tasks. This concurrency of effort has created many problems, especially
in the nature of work conflicts. To resolve these problems, Launch Operations personnel
have been phased into activation working groups, and activations schedules are developed
and issued on a 72-hour, 11-day, and total bases. At the daily Launch Operations
meetings, the activatio:l and operations work schedules are summarizedand distribute.d_
to each-NASA or KSC and contractor agency involved°

RESOURCES MANAGEMENT

Resources Managementat KSC assures, through uniform standards and practices,
adequate control of Center fumds including allocation of manpowerand physical space.
The Director of Administration, through the Resources ManagementOffice (RMO), man-
ages the institutionally-related resources and is responsible for the center-wi6e adminis-
trative and resources managementfunctions, including procurementand contract manage-
ment. ProgramManagers are responsible for all program-oriented R&D and C of F
resources.

Financial Management

ProgramManagerstranslate programrequirements into specific tasks and provide appro-_
priate assignments, guidelines, and funds to line organizations. The programmanagers
and the line organizations are responsible for all phases of resources definition_ justifi-
cation, utilization, and control of resources assigned to their function. Assistance is
providedby the RMO throughthe co-location of personnelto performa variety, of services
dealing with budgetallocations, utilization of funds, procurementscheduling, and sub-
sequenttracking action (includingmanpowerandphysical space utilization). In essence,
a continuingbusinessmanagementcapability is providedby the RMO to the line and
programorganizationswhile maintaining controlof the overall center-wide systemby the
impositionof uniformstandardsand practices.

The KSC Apollo ProgramManager is responsiblefor the effective and economicmanage=
mentof all R&D and C of F funds allocated to the Apollo Program. As such, he is the
official KSC interfacewith OMSF andother Centers for Apollo related matters.

. The KSC ProgramControl Office has the overall responsibility of establishing procedures
andprocessesto achieve the objectives of resourcescentrol. Resourcesavailability is
established andmaintainedon a continuingbasis with complete defimtion of any limita-
tions or consU'aints. Changesin requirementsor plans are analyzed andevaluated for
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impacton resourceapplications. Variances anddeficiencies are investigated and
assessed, andcorrective action is initiated as required. The relative importanceof
tasks is constantlyevaluated, and resourcesare reallocatedas deemednecessary to
meet changlngrequirements.

Contract Management

in accomplishingits Apollo Programmission, the KennedySpace Cent,--.rutilizes
numerouscontractorsin a variety of functions. These include stage, spacecraft, and
supportcontractors. Requirementsreceived from OMSF and the Developmer_.Centers
are translated into plans which providethe basis for the ProcurementPlan and the
ProgramOperating Plan.__

The ProcurementPlan is preparedby the Contracting Office with advice andassistance
of cognizant technical personnel. It is a detailed outline of the methodby which the
ContractingOfficer expects to accomplishthe procurementtask and providesa descrip-
tion of the procurementtask, list of sources, discussionof the application of incentive
contracting, recommendationas to type of contract, recommendedmethodof proposal
evaluation, anda realistic t.me schedule for each majorphase.

The KSC POP states the resourcesrequirementsby appropriationand in terms of obliga-
tions andcosts. Eacll applicable KSC ProgramManager formally approvesthe plans,
andchanges thereto, for each line director andfor that portion assigned him for execu-
tion.

The POP is usedfor updatingobligation aridcost estimates for all programs,projects, '
and activities; as a guide for resourcesauthorization and funding;as a baseline for
measuringperformance;andfor future budget planning.

The basic operationsand interfaces of conti_actmanagementare pictured in Figure 4-18.

ProcurementManagement

KSC procurementmanagementencompassesall significant aspects of procurement
activities requimd to SupplementNASA andOMSF contract policies, regulations, and
instructions, specifically including:

a. Procurementadministration.
b. FunctionS, responsibilities and authorities of procurementoffices and personnel.
c. ProcurementmanagementprocedureS.
d. Future procurementmodes.

The ProcurementOffice Of the Admlriistration DirectoratepPovidesspecialized activity
in managementof nOntechnicalportionsof contracts, vendorselection, and processing
of purchaseorders.
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THE ROLEOF CONTRACT MANAGEMENT
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Figure4-18, ContractManagementatKSC

The KSC ApolloProgramManagerprovidesassistancetotechnicalofficesfor:

a. Preparationofprocurementrequests.

b. Developmentofprocurementplans.

c. PreparationandreviewofRequestforProposals(RFPs).
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d. Source evaluation.

e. Prenegotiation review, negotiation, approval, and award of contracts, modifi-
cations, deviations, and waivers.

The Director of Administration further assis!s, throughthe ResourcesManagement
Off,e, both the Apollo ProgramManager and the KSC line directorates with Apollo
tasks. This assistance is a staff support in planning procurement for the utilization of
allocated resources.

Incentive Contracting

Of the various forms of incentive contractingj KSC utilizes the Cost-Plus-Award-Fee
(CPAF) technique. Under C.PAF contracts, the contractor is periodically awarded a
fee as determined subjectively and unilaterally by the KSC Contract Fee-Award Board.
The Board performs its responsibilities in determining the appropriateness of fee

•awards through the Contracting Officer and the Contract Technical Manager. The Apollo
. Program Manager and Stage Managers forward information which will contribute to the

determination of the fee award directly to the Board.

The utilization of incentives on the classic funding controls in managingandintegrating
contractors is mosteffective. One of the greatest managementbenefits derived from the
use of incentive-type contracts has been the increasedefforts assigned to the pre-award
planningphaseof procurement. The greater risk assumed,particularly in KSC service
contracts, has forced a discipline of better definition and better estimating on the part
of both parties. Althougha comparativenew idea, incentive contracting has madea
significant contribution to KSC programmanagement.

MANAGEMENT INFORMATION AND COMMUNICATION

in the Apollo Program,managementawarenessis aided by a series of status summariza-
tions fromthe lowest level of managementto the highest level. These summarizations
(in the form of reviews, reports, and presentations)provide the opportunity to apprise higher
authority of programprogress, problems, and requirements_receiving wide dissemination
throughout the Apollo organization.

REVIEWS

Periodic staff meetings are conductedwith key representatives of governmentcontractors
to assure a timely flow of information relevant to contract performanceand progress.
Problemsare discussed, solutions proposed, and action assigr_mentsdelegatedas te-

ll quired.

00000002-TSC04



Program/Proi.eel Reviews

A regularly scheduled weekly meeting is conducted bv the KSC Apollo ProgramManager
to highlight significant programchanges anc_to review program progress and the identi-
flcationt evaluation, and resolution of prol_lems. Present,_tions are prepared concerning
specific problems and.progress on the associated recovery actions.

A formal Apollo ProgramReview is conducted on a regular monthly basis which permits
the evaluation and assessmentof plans, progress, problems, and performanceof _Jl
Apollo activities at KSC. The review provides for die establis;,_ent of status of all
programfunctions and elements and the relationship of KSC activities and interfaces in
proper context. The Apollo Program Office Review is an internal Apollo conference held
monthly. The Program Director reviews (in detail) current status and problem areas.

The OMSF Saturday Review is a monthly conference normally held on the Saturday pre-
ceding the MSF Program Review. Senior officials of OIV]SFare in attendance. '

The MSF Program Review is a month!y review. At this time, the Apollo ProgramDirector,
his staff, and Center Programmanagerspresent progress and outline problems to the
AA/MSF.

]"he Associate Administrator Status Review is held monthly for each program. The
AA/MSF ana the Apollo Program Director present the current status of the Apollo Pro-
gramto the Associate Administrator.

The Administrator ProgramReview consists of a series of reviews presentedby OMSF
programandmajor staff offices. General managementand other senior officials are pro-
vided with a comprehensivedescription and status of each NASA programand selected
managementtopics. The Apollo Programis reviewed annually at suchsessions.

Baseline ComplianceReviews

Baseline compliancereviews insure that (at appropriatepoints in the programlife cycle)
sufficient visibility of progress is obtainedto adequately determine the integrity of the
Systemprior to mission accomplishment. These formal reviews represent the minimum
acceptable criteria for programassessmentand are supportedby informal reviews at all
!evels of managementandacross all disciplines.

Key hardwareinspection, review, andcertification checkpoints have been designated
in the Apollo Programapplicable to the flight hardware, ground supportequipment_arid
facilities. The KSC responsibility encompassesthe facilities and GSE porl.ionof the
Apollo Program; however, a vested intei'est is maintained in the flight hardware. These
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reviewsprogressfromdesiqnthroughmanufacturing,test, aridcaperationsto validate
accomplishment/readinessof applicablespecifications, drawings, hardware,test results,
qualityandhistoricrecords,reliability and failures, crewandassociatedelements,
andoperationalelementsas follows:

a. The Pre!iminaryDesignReview(PDR) is a technica!rcview of the basic
approach,establishesthe designrequirementsbaseline, andcon_;titutesa
startingpoint forconfigurationcontrol. It is conductedpriorto or veryearly
in the detail designphase. This reviewsignifies the completionof the project
andsystemspecification, the contractend itemspecification (Part I)and the
start of end itemdesigndevelopment.

b.__The Critical DesignReview(CDR) is the tectlnical reviewof specificationsand
c_rawiilgsincludinginterface specifications and interface controldrawings,and
is conductedideally prior to releaseof drawingsto manufacturing.

c. The First Article ConfigurationInspection(FACI) in an examinationof selected
(earliest possible)manultacturedend items against the specification requirements
andreleasedengineeringdrawings. It validates the acceptancetesting, result-
ing in the estabiishmen_,of a firm productbaselineof specifications anddraw-

ings andsignifiesthe completioi of the GElspecification (Part II). Additional
FACIs areconductedon eachmajordeparturefrornthe basic hardwaredefinition.

d. The Certificateof FlightWorthiness(COFW)certifies that each flight stage
andmoduleis a completeandqualified iLemof hardwareprior to shipmentand
is-accompanledby adequatesupportingdocumentation.

e. The DesignCertification Review(DCR)certifies the designof the total space
vehicle andthe mission groundanti'facility equipmentandsystems.

f, The Preflight Review (PFR) is conductedby and at MSFC to assessthecon'-
dif.ionandreadinessof the"launchvehicle for its mission.

g. The LaunchReadinessReview(LRR) is conductedby aridat KSCto assess
the conditionancread'iness'oi the i',_unchcomplexandthe groundsupportequip-
meritto performits launchfunctions.

h. TheFlight ReadinessReview(FRR) iSconductedto validatetheoperational
r_aclinessof the total Apollosyst.em,and it includesassessmentof any
residualrequirementsby previousreviews. The FRR is conductedin two
phases,bythe ProgramDirector(PDFRR)aridbythe MiSsionDirector
(MDFRR).
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(1) The PDFRRis conductedfor the purposeof ascertainingthe readiness
of the launchvehicle, spacecraft_and launchcool,pie×to perfornltheir_
launchmission. This certifies the spacevehicle as flightworthyprior
to turnoverto the Mission Director.

(2) The MDFRRdeterminesthe readh_ss of the operationalelements,
i.e.,_ fligl_ controlandMannedSpaceFlight Notwnrk(MSFN) read[-
heSS,crewreadiness,medical, security, recovery, and publicaffairs
assessment..Satisfactory completionof this review assuresthe Mission
Direct.eLf.hatall elementsare "GO."

I

DocumentationReviews

The KSCData.Managementeffort beginsw_ththe developmentof a Requestfor F'.._posal 1
with the objectiveof assuringthat minimumdocumentationat minimumcostis acquired.
PreliminaryDocumentReq.uirementsLists (DRL) are-preparedandjustified for inclusion
in the RFP.

a. Precontract,documentreviewsareperformedby the CenterApolloDataManager
and[he CenterAd HocDat.aReviewTeamwhorevieweachDRL for management
andtechnicaljustification. Whenapproved,the requirementsbecomepartof
the RFP.

b. Projectrev!ewsarepedo_ed bythe CenterApolloDataManagerandthe KSC
ApolloProgramManagerwhoreviewthe accumulationof subordinatedocumellts
at the projectlevel to assureminimumessentialmanagementandcontractor
documentation.,andthe implementationof properdocumentrelationshipsand
standardizationin thepreparationam__ctistributlonprocess.

c ......Program.reviewsare performedby the CenterDirectorandthe CenterApollo.......
DataManagerwhoreviewthe Apolloprogramdocumentationperiodicallyto
determinethe performanceof the DataManagementfunction.

d. Formaldocumentreviewsare requiredby the ApolloDataManagementSystem
whichrequiresa formal document_ionreviewfor all contractsexceeding
$500,000.00, The scopeanddegreeof reviewis in relationto the_cosL.... .;
of thedocumentation.

Facilities Reviews

At KSC, a facilities reviev¢board(Ref. KMi 1,150. "12)hasbeenestablishedwith
¢epresentationfromthe ProgramManagerandconcerneddirectoratesfor the purposeof
the review, analysis, andevaluationof facility projectsexceeding$2,000.00.
Facilities proje.is maybe fundedbyAO, R&DandC of F funds, with specificfunding
limitationsonC_te_ authority. Theestimatedcostof the proposedfacility, therefore,
detefi_i_e_.approval authority,
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Reviews conducted by the facility review bQardarc Design Cm]cept Review, Preliminary
Design Review, and Final Design Review. The Desi!jn (;oncept Review determines the
justification for and technical adequacy of the cm_.ceptualstudy (the completion initiates
the preliminary design effort). The Preliminary Design Review determines the feasibil-
ity of inclusion of the new facility/modification on the approval facilities lists.
Approval to implement final design will be dependent on the an]aunt and type of funding
determined by tills review. C of F projects are submitted t_ the associate administrator
in the Center budget request. The Final Design Review (],00 percent)is conducted on
the package f.o be s_bmitted for bids. Reviews are em/ducted prior to this time at .30
perce_t_ 60 per.;ent, and 90 percent completion points between the design engineering
function and the ultimate ,set of the facility to assess proflress toward completion and
adeqtlacy of design.

At KSC, reviews that are normally associated with harrlware (only) are conducted for
facilities. These reviews incorporating GSE and instrumentation associated with the
facility (and the facility itself) to assure compliance with design intent include:

a. The Design Certification Review (DCR), Assessment of the capability of the
facility to accommodatethe space vehicle.

b. The First Article Configur :tion Inspection (FACI), Examinatio!l of facility
against the specifications and released drawings.

c. The Launch Readiness Review (LRR), Assessment of the condition and readi-
ness of tlae launch complex to perform its launch function.

d. The Flight Readiness Review (FRR), Update of the LRR with increased scope
to include GSE, the Space vehicle, and operations.

REPORTS

The programrevicw process brings together a forum of data, concepts, and judgments
on a continuing basis to keep the KSC Apollo Program Manager abreast of plans, pro.-
gress, and problems on the Apollo programat KSC. It provides summarization, con-
solidation, and correlation of information for reporting to the OMSF managementlevel.

The achievementof the missions and objectives of the Apollo programrequires that all
effort be undertaken on the basis of approved schedules, the time-phased application
of authorized resources, and a continuing review process by which potential problems
can be identified, assessed, and channeled to the proper decision-making levels.

A single coordinatedreporting system is implementedthroughoutOMSF and the Centers
to insure the proper integration of all phases of the Apollo P_ogramand to provide a uni-
formcommunicablebase for measuring progressin termsof schedule milestones, funding, i
costs, manpower_and technical performance. This uniformdata base providesfor the
unbrokenflow at decreasing levels of detail of timely, accurate, and responsive data
from L,ontractors to top MSF management, This system is structured, documented,and

4-44

00000002-TSC08



maintainedona basis that insuresclear lines of accountability for programstatus and
for the controlof all cl=angesor actions.

MiiestoneReports

Theuniformdatabaseon whichall milestonerepm_0n_is provided Is the PERTsystem.
Its Implement_ionin a programforcesa planningdiscipline at all levels of management.
The l_glcal.step.,by-steppor_ayalof programproject,alJrl5ysl:e111milestones instills
managementconfidenceand communicatesto all pro_iramparticipants the necessityto
accompllshthelr plannedobjecf.ives. This realizatiml that each job, eachactivity per-
formed,thoughonly a small portionof an overall plan, inducesstrongmotivationto
meeto_exceedthe commitmentsof t.heplan.

ProgramEvaluation ReviewTechnique(PERT)

PERT is implementedin the Apollo programat the contractor, project, Cenf.er,and
MSF levels and, througha summarizationprocess,enablesmanagementat all levelsto
controlits portionof the total effort andto anticipate and solve problemsbefore.they
becomecrltical andaffect the nexthigher level. KSChas leanedheavily on PERT
conceptsandhasfoundthemto be effective in t.woareas, Sit:eActivation anaOperations.
With the helpof operationalflow plans, the OperationsPERT net is beingdeveloped.
The Slte AcUvationprogram,however,wouldhavebeenimpossibleto accomplish
efficiently without.PERT. The construct.ionof over $500,000,000.00 in facilities
andthe integratlonof another$I..00,000,000. O0 of equipmentfromother Centersinto
thesefacillties was handledby PERT. Figure4-'19 depictst.hePERTflow fromtheIVISF
level to contractorlevel.
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Figure4-19. KSC Sa_LltnV PERT Flow
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Scheduleand Review Procedure(SARP)

The MannedSpaceFlight ProgramScheduleand ReviewProcedllre(SARP)is the means
employedto visually portrayth_ PERT outpntsumnl;_rie_l:clriiall,i_jeillelll:ona reqularly
scheduledbasis (monthly), TheLetaldocumentcm]sist_ of _ix valLlmeSalll:l a program
summ,_ywith content selectedto providef.etalvi.£ibility illi_l ti_, statu_of the program.
Contractorsand Cellters providemonthlyst_tli_ rep_'l_ Io tll_ Almll_ ProgramOffice via
this routeand the Apollo Progl'amOffice simmlarizc,,r_themillto ;Lprod]ramvolumewhich-....
is_tlstributed to providetotal proqramvisibility at.all levels.

Thecontentof the SARP volumesis arrangedto provid¢_key elementsof informationin
four levels of detail onthe programworkbreakdownstrllcl:ure. Co_ltrolis exercisedby
the establishmentof key rnilestonesand indicators throlJ_lhoiitthe systemand the IimiLlng
of authority to changethe_emilestones. The identification and d_scription of these
milestonesandii_dicatorsare as follows.

a. Coiltro!JedMilestonesare thosemilestoneswhichare of majorsignificancet

to the program. Changesin completiondataof controlled milestetlesmust
be approvedbycognizantOMSF ProgramDirectors.

b. SupportingMlJestoilesare thosemilestones that can be rescheduledat the
discretion of the individual havingresponsibility_ normally the Center Director
or the Apollo ProgramManager. Supportingmilestonesare thosesignificant
completionpoints constrainingcontrolled milestones.

Eachcontrolledand supportingMilestone (at a minimum)is providedwith anexpected
and a latest allowable completiondatederived fromthe PERT runout. Expectedlate
completionsaredangersignals which receive increasedmanagementattention. When
theexpectedcompletiondateexceedsthe latest allowable date, _heitem is considered
critical anddefinite actionsare taken to bring it undercontrol. In thesecases, reporting
frequencyis increaseduntil assurancesare receivedthat the itemhasdroppedfromthe
critical list. Otherrepresentativereportsat KSCare identified as follows.

a. ResourcesPlanningand Trackln9 Reportsare issuedmonthlyand identify each
Organizationplani as approvedby the ProgramManager,andthe actions(com-
mitments_obligations andcosts) taken to date. They are utilized for conducting
programreviewsat the line directorateand progi'amlevels andas a basis for
OMSF_port,ing.

b. Flash,Reportsare issuedwhena problemof majorimportanceexists (outside
the-scopeOfthosewhoi'ecogilizethe problem)or jeopardizesa controlledor
supportingmilestoneaccomplishment,The flash reportapprisesthe next
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level of managementof events which require attelition. Tile flash report con-
rains sufficient information (descriptioll and assessmellt of the problem, mile-
stone affected, a recommendedcourse of action and time constraint for this
action) to permit an intelligent decision on the part of the managerwith the
responsibility. The flash report is Hsedby the KSC Apollo Program Manager
tO apprise the Apollo Program Director of events whicll require his immediate
attention.

C. Weekly/Pro)oct Status Reports are submitted by the KSC Apollo Program
Manager to the Apollo Program Director. They summarize progress, current
status, and problem areas. These with other reports prepared by each OMSF
Apollo Program Office functiollal directorate, are summarized by the APO into
aJ1overall Apollo ProgramStatus Report.

d._Weekly Apollo Pro.gramStatus Reports together with reports prepared by each
OMSF/APO functional directorate, are summarized by the APO into overal.
programreports. These reports are formally published and receive wide distri-.
bution. They summarize programstatus and list current programproblems
including a description of the problem, evaluation of the cause, and program
impact.

e. Monthly,Apollo ProgramStatus Reportsare prepared by the APO as a summary
compilation of progress, schedule effectiveness, and problem areas.

f. Contractor Financial ManagementReports are submitted to the APO on all
major cost contracts. They are utilized to create a data bank upon which to
draw for detailed information on the programs, contractor efforts, and the
relationships beLwee:_the various types of resources.

g. Annual Reportsto Coheiressare preparedby the APO and combinedwith other
OMSF inputs as part of the total NASA report arid budget justification. The
Apollo portion is summarizedfrom the weekly reports prepared during the
appropriate time period.

h. Assessment Reports identify assessment activities that are continously per-
formed aoross the total programsphere. The results of these assessments are
periodically documentedin assessment reports that keep managementaware of
pt'ogramprogress and problemare"s. These assessment reports provide man-
agemerlt visibility at all levels in the Apollo Progi'am. Assessment activities

' cannot be limited to only those elements for which KSC has design i'esponsi-
Bility. To properlyassess the activation of a facility, the installation and
checkout of GSE, instm'umentation,etc. _ K$C considers the need date for
completion ol_these actions in relation to program utilizat0on. Assessment
activitieS, therefore, are conducted against two sets of baselines that are riot
necessarily compatible at a given point in time. Tl,e first baseline consists
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o'f those Center commitments madeas a result ol_original and/or officially
revised programrequirements and the second baseline is that which is related
to real-time requirements. The process of converting real-time requirements
into_program requirements constitutes a finite period of time.

At KSC, the assessment of problem impact is only a partial solution. An
assessment report is considered incomplete ur;less a recovery plan is presented
and specific corrective and followup actions are assigned. Adequate assur-
ances are provided for recovery, or sufficient justification for a relaxation of
the requirement are made available.

The most significant and widely disseminated assessment reports provided at
KSC are the ManagementAssessment Report (MAR) and the PERT Analysis
Report (PAR). The combination of these reports permits the maintenance of a
communications loop at KSC that provides the meansto moniLor the complete
proqress of the programand takes a giant step toward assurance of its success.

(1) The ManagementAssessmentReport is the top level documentthat
embraces total KSC Apollo activities. The content of this report is
the basis for the weekly KSC Apollo Managementreview of the program.
ILrepresents a status summaryof the efforts under way at KSC_ a listing
of major problems_ proposed or in-process work-arounds, action resportsi-._
bilities for each problem, and an overall top level assessment of progress
against requirements.

(2) The PERT Analysis Reports, pub!ished bi-weekly, are analyses Of the
progress of site activation of the launch complexes (34, .37, and 39)
and the spacecraft industrial area. The basis for these analyses are the
site activation PERT networks. These PAR reports reflect the results
of PERT machine runouts which establish the critical paths and limiting
paths that approach criticality and provide the necessary management
visibility to undertake corrective action where required.

VIS IBILITY AND STATUS

The discipline that must be carefully built into a programmanagementorganizatioll is a
meansof providingmanagementwlth visibility that will enable it to take action in terms
af progressagainst plan, time, dollars, and performance. In the Apollo Program, this
visibility is providedby a variety of meansand at all levels of prime contractorsand
their subcontractors,Centers, andthe HeadquartersProgramOffice. Progressreviews
are held at fairly close intervals arid itemssuch as reliability practices andquality
control are audffed periodically.
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This subject of visibility, to provide a me:uls for _ction, is one',of ti,_ key areas where
managers can improve operations. Visibility,, der,_:_Js cff_,c i_.' _c_mnunication and a
close workin_ relationship between competent people wpth the responsibility aqd authority
on both sides of the management interface. Inevitnht,/, one _E_:.nat each level under-

stands the picture and all the balances and relationships. However: it is extremely
difficult to portray to an organization so that all its talent ¢nn he brought to bear. One
of the prime responsibilities of program management is _u ,_,_._,rc,that proper action is
taken by individuals and oroanizations tc_detect and cobra:c[ i,_'oblem areas before they
become critical.

Visibility provides mana_jement the time to I;]anaqe.. o h:,:s tithe is spent on "fire drill"
actions; problems can be anticipated and corrected helore lhey occur, and management
can spend time doincj more productive worl<. Visibility is ._tt_ined by the establishment
of management organization and discipline, and the proper use of management systems.

The use of computers and data processincl teclinique_, permit the collection and stol'age
of almost unlinlited quantities of data. The organization, correlation, manipulation,
and extraction of this data in intellicjible form (i_rohibitiw:' i,_l_!cr normal conditions) is
facilitated by use of manaqement control systcru._. Ai_tn_,J;_licdat_l processing (ADP),
applied to management control systems, injects c,t_!_i,',,_,_!_._,__,i_,_ and disciplines into
the data collection process, permits sig_lillc_1_It rud_uii,,,_i_ i_, llle t_u!)port requirements
for an equivalent manual syste,n, and provide_ manaqemenl visibility of the total program
through the use of summarization _xndsearch l_,(:hni_l_,,:,.

ADP Applications

The feasibility of al)plyint; _,lo_,_lic dnti_ pr_r'_:_,_;i_,'!'_ h_i,_',, g to the management
elenlents of the Apollo lWOUra=_is dct_,r, _i_=t_!t_ ......... _ _,, basis. The automation
of a pure engineerincl function, [or exa_nplu, i_ _o_ _',_,,,l_!.roi_rial.o as a scheduling
function. At KSC, automation techniq_ff:s ar,_ l:,,_i_..q,,,n' ida:red for the following functions:_ .........

a. Schedules

b. Configuration Manacjemenl
c. Logistics
d. Reliability and OI_,_lil., A,_, !ll',n_l('_
,:. Sile Aclivalion
f. Resources _iana[leiliL, ilt

g. Data Managev_ent

The en11)loymel|t of maliaqeL;_:i_ ,;_,',[_;_:_5ili [II_SL: _li'_ =, i ..... : ,,,___!r_llwocess_ evolving
from feasibility through conc_l)t and (l._velol_1_c'i_I_, _._,i_l, ,_:li,_4igil. Tile develol)ment
phase coltsists of tile l)ve_)aration or gui(lelines, policies, ilish'v_cl_io_, inl_ut/outl)tlt_
formats, etc., [or the in_ivid_l _,:_!r___ ,m(! t_._,_,, _!_ _: ! _ _h::_ivx_eqration of the
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InformationCenters

The KSC Apollo ProgramOffice operates and maintains ManagementControl Centers
wh!ch serve as working display and problemresolution areas for internal programreview.
In addition, these centers providehigh visibility of problem isolation, definition, and
elements for assessment, determination of impact, and establishment of recovery actions.
The ProgramControl Office provides all supportingservices in the publication of agenda
and documentationof proceedings in meetings, and disseminates formal minutes of weekly

programreviews. In addition, all data received in the review process is evaluated,
assessed, and analyzed for effective display presentation in accordance with established
standards. The KSC Apollo ProgramManagment Center is pictorially representedin
Figure 4-20.

/

_¢,(,

Figure 4-20. KSC Program Management Center

MANAGEMENT DECIS ION

The managementdecision process is the managementevaluation and action (or inaction)
resulting from this evaluation that takes place duringand after the collection, organio
zation, correlation, integration, summarization, analysis, and assessment.of the man-
agementdata.
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This process is employed in t,hethree primary control areas of schedules, cost, and
technical performance. The series of reviews conducted in the Apollo programprovides
the Stimulus necessary for management,actio_ at the proper level.

The initial activity of t_,oblemidentification is followed by an assess=_lentof the problem,
the deter.mination of alternate courses of action available, and the impact of t.hese
alternatives; The job of management,is t,o evaluate the alternatives and select the best
course of action, considerhlg the three primary control areas.

Many problems of a-programnature cannot be solved by the action of one Center only
but require the.concerted efforLof all part[' ipants. The Apollo Program Organization
was so structured for this very reason. Although each Center Apollo Program Manager
reports organizationally to the Center Director, he is responsive to programdirection
from the Apollo Program Director under overall direction of the Program Management
Council (PMC). The PMC consists of t,heAA/MSF and the Directors of the three
MSF FieLd Centers. The PMC was formed to establish Apollo Program policy and
plans, to review progress_..andto evaluate performance.

Inter-Center Coordination Panels have been established to define and solve the technical

interface problems relating to the launch vehicle, spacecraft, facilities, and associated
equipment. Basically, these partets are engineering and working groups, composedof_._
personnel, who areresponsible_ through their panel chairman, to the Parlel Review
Board (PRB). The panels are responsible, within their area of responsibility t,o resolve
in.terrace p_toblemsand initiate actions regarding design, analysis, study, test, and
operatior, by employing the organizat,ions of the Office of Manned Space Flight, the
MSF Centers or the various contractors; establish sub-panels as required; recommend
solutions of problemsoutside their assigned responsibility to the PRB for action by the
proper panel and organization; and identify and generate Interface Control Documents
within established ProgramP_quirements.

The PRB membershipconsists of personnel from the OMSF/APD, MSFC, MSC, and
KSC. The KSC representative has technical cognizance of the subject under review
and will have directorate responsibility or above. The PRB organization consists of
t,he Boal,d, an Executive Secret,ariat_ 8 Panelst and 2.3 Sub-Panels. The Sub-Panels
are composedof knowledgeable personnel in technical disciplines of the following
categories:

a. Crew safety
b. Electrical

" c. Flight. evaluation
d. Mechanical
e. Instrumentation and comrtlunications
f. Flight. mechanics
g. Launch operations
h. Flight operations

................ Inter=CenterWorking Agreementshavebeennegotiated bY KSC with_°!hei',Cent_s', ................
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MEASUREOF EFFECT_VENF..SS

Thefinal measurementof accomplishmentfor theApollo programwill he realizedwhen
a mannedApollo/Sat.urnV spacevehiclesuccessfullytransportsreel1to the moonand
returnsthemsafely backto earth. This feat, which.justa decadeagowas onlya dreame
is wlthin.,the-gr_spof this nation.

Althoughth_slong-rangeprogramobjectivemustbekeptin sightas Researchand
Developmentprogramsprogressfromconceptsto hardware,it wouldbeunt'ealisUc to
concludethat the establishmentof this singleobjectiveis all that is requiredto achieve
success. In a programthe size of Apollo, literally thousandsof well defined,calcu-
lated, anddeliberategoalsmustbeset at all levelsandforall endeavorsthat permit
the determinationof adequateprogress.Thesesignpostsof progressalongthe roadto
successrepresent,the meansto satisfactorilyassessthe programpcstureat anygiven
pointin time, andcontributetowardthe accomplishmentof the ultimateprogramgoal.

Themeasurementof accomplishmentis donein manyways, affectsmanyanddistinct
disciplines, and is composedof threeinseparableelements. Thesatisfactoryaccom-
plishmentof a scheduleor performancemilestone_forexample, losessomeof its
successif it is doneat twicethe intendedcost. The threebasicelementsof measure-
ment, theref.o_e,are schedulescost, andtechnicalperformance(Figure4-2"1). To
accomplishoneor two onlyis not.an indicationof satisfactoryeffectiveness.

PERF-ORMANCE_.................................................................................................... ___

PROGRAM DEFINITION
OPERATIONS PEANNING

CRITERIA & SPECIFICATIONS
DESIGN REVIEWS

CONFIGURATION MANAGEMEI_T
PERT/ERS

MILESTONE CONTROL
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It is the responsibilityof progra_nmanagementnotonly to assignbut also to insurethat
programobjectivesareaccomplishedina timelymanner,at a reasonablecost, andwithin
the technical timits established. In orderto gain this assuranc_of adequateprogress,
requirementsareestablished, plansare developedto meetthe requirements,anda series
of periodicreviewsand reportsmonitorprogresstowardplane

Previoussectionsof this documentdiscussthe plansandbaselinesestablishedat KSC;
identifythe disciplines, co=_rolsystems__procedures,etc., usedto monitortheefforts
underway;explainthe methodsusedto communicatestatusand progressagainst plan_
anddescribethe meansimplementedat KSCto providemanagementvisibility of the total
effort. To_measureaccomplishmentrequiresthe efficient concerteduseof all these in-
gredients.

TheKSC responsibilityencompassesthe design,construction,activation, andoperation
of facilities; thedesign,fabrication, installation,checkout,operation,and ma;ntenance
of groundsupportequipmentand instrumentation;andthe checkoutand launchof space
vehicles. Theaccomplishmentof this responsibilityis measuredbythe criteria discussed
below..

Schedules

Eachactivity is to beaccomplishedina time framecompatiblewith theestablishedpro-
gramgoalsexpressedin termsof contt'otledmilestones. Thesupportingmilestones,de-
visedas thosesignificantaccomplishmentsthat provideassuranceof meetingthe controlled
milestones,are imposedat all levelsthroughoutKSC, includingcontractororganizations,
andprovidean indicatorof overallscheduleprogressthroughthe processof summarizat-
ionprovidedin t_heprojectand programreviews.

Thesemilestones_however_are not so inflexibleas to be irrevocable. Theyrepresent ....
guidelineswhichare in a sensenegotiable,providedthenext higherlevelmilestoneis
notendangered.It is realizedthat an installationor test sequence,forexample,can
beaccomplishedin morewaysthanthat which is consideredideal. Since thesemile-
stonesareestablishedwell inadvanceof the actual activity, they are normallyrepresen-
tative of an idealworkflow. Duringtheactual performanceo_"the plannedwork_howevei',
circumstancesmaypreventthe accomplishmentof the plannedobjectiveonthe ol'iginal
schedule. The milestone_therefore, is "workedaround"andaccomplishedat a later
date. Theseworkamundsarea true indicationof managementin actionwith on-the-
spot_day-to-daydecisionsthat havemadethe KSCApolloeffort the successthat it is,
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Cost
i

The cost aspect of tile program is the element that is perhaps under the closest scrutiny.
The application of cost measurementsis the most extensive, the most inflexible, and tile
mostuniversal of tile three basic elements. Long range commitmei]ts are made for the
programprojects (including primary and subordinate systems) and are reconfined each
fiscal year_ along witll shorter range commitments that run fi'om year to year. The need
to justify all expe.nditures (past_ present_ and future) ancl the need to secure funds for
programcontinuance each fiscal year require detailed accounting and control of all funds......

provided. I

Measurementof accomplishment is based on more than a plan which call permit variance
and still reach its end objective. Cost measurement, the bulk of which is based on 1
governmentobligations to contractors and contractor commitments to government, is
more precise. It is expressed in terms of tile expenditures in pursuit of a defined end
product which may be hardware, facilities, or services°

The somewhat intangible aspects of schedule arid technical performancedo not exist for
cost performance. An end product is to be provided at a stipulated cost, and the measure-
ment of accomplishment is whether or not that end product is delivered within that stipu-
lated cost. Oncethe cost of an end product is acceptable to both governmentand in-
dustry, that cost is fixed unless there is a change of requirments, scope, etc. If a
changeoccurs, negotiations are reopenedand a new cost is established to reflect the
change.

The methodsused in the Apollo Programto measurecost accomplishmentare the Schedule
and Review Procedure, the NASA procurementsystems, and the ResourcesManagement
System.

The NASAfundand manpowerrequirementsestablished in the Project Approval Document
(PAD) includea five-year projection of fundingrequiremenf.sby fiscal year andtotal
requirements until completionof the project. Throughthe Project Approval Document,
the Associate Administrator authorizes the responsible Programor Institutional Director
to initiate and implement the projectwithin the scope defined in the documentand with-
in fundingapprovalsestablished throughthe NASA systemfor resourcesauthorizations
and allotment of funds.

ProgramOperatingPlans are preparedby the KSC Apollo ProgramManager and the
Center Director and includethe cost estimates and fund requirementsfor projects under
their cognizance. The POP is a quarterly reportand serves as an update to the Project Ap-
proval Document. Bothdocumentsform the basis for NASA budgetsubmissionsandare
the baseline for cost performancemeasurement.
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TechnicalPerformance

The third majoraccomplishmentmeasurementis in the areaof technicalperformance,
The Apollo ProgramSpecification and its attendantprojec[and syste_ specificat.lons
and criteria delineate the requirementsfor equipmentperformanceill the program, A
continuousrequirement/performanceanalysis programis maintainedto,

a, ProvideassurancethaL.U_e-_ehicledesign is progressingwithin the prescribed
co_ltroliinlltS,

b. Allow for earlydetectionof problemareasand providerecommendedremedial
actions....

Managementauditsof contractoractivitiesareconductedto ascertaintheir performance
towardobjectives, effectiveness,andnecessaryremedialactions. The Baseline
ComplianceReviewsprovidethe formalmeasurementof accomplishmentin the technical
area. Tllesereviewsare supportedby informalevaluationsof technicalprogressthrough-
out thedesign, manufacturing,andtest.phaseso1:hardwaredevelopment.SARPalso
furnishesa meansof measuringtechnicalperformancethroughthe monitoringof major
programconstraintssuchascontrol_weights,payloadcapability, etc.

The Inter-CenterCoordinationPanels, formedto defineand solveinterfaceproblems
amongthe varLousprogramelements,aregoodsoundingboardsfor technicalprogress.
Thejui'isdictionof thesepanelsencompassesall disciplineswithin the programand
the panelactivities, therefore, serve-asexcellent indicatorsof technical_performance.

Technicalperformancerequirementsare comparableto schedulerequirementsin that
thereis a degreeof flexibility related to accomplishment.Technicalparametersare
normallyexpressedin-quantitativeterms includinga meanvaluewitha plusandminus
tolerance. This tolerancefactorexistsas far downas theco_ponentlevel. The
maasurementof accomplishment,therefore_also containsthis tolerancefactor. The
relationshipof components,subsystems,systems,etc., to the total spacevehicle
allowsadditionalflexibility in satisfyingobjectives. If the S-II Stage, for example,
is inan overweightor under-thrustcondition,compensationcan be.providedby increased
thrustor decreasedweightonthe S-IC or S-IVB Stages. The technicalpet,fermanceof
the S-Ii Stagewouldbeadjudgedinadequate,but theoverall launchvehiclepe_'formance
wouldbewlthin specificationsoTechnicaltradeoffssuchas this are not isolated
instancesbutareconsideredpartof the researchand developmentprocess.

Themeasurementof technicalaccomplishment,therefore, is riotne_essariiyrelatedto
thespecificendproductunderexaminationbutratherto the total scopeof theeffort.
Through.the coordinationof all of the activities involved,andthereviewandevaluation
pro_essesin place, technicalperformanceis assured.
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SECTION 5
LC-39 SITE ACTIVATION AS EXAMPLE OF APPLICATIONS

SCOPE AND BACKGROUND

New and bold thinking has been required for ct'eationof the necessaryground facilities
at KSC to launch the massive Saturn V rocket system. The conventional fixed con-
cept of launch preparations -assembly, test, and checkout, and launch from the same
pad or complex - ties up the total facility from the momentthe first stage reaches the
pad until the vehicle is launched. This significantly limits the launch frequencysince
monthsare required for the painstaking work of assembly and checkout(!4 monthsin
the case of one NASA experimental vehicle). In addition, these long stays on the pad
expose the rockets to stormsof near hurricane strengthand to the corrosive effects
of .the salt, atmosphere.

With preparation or "pad time" related to the size and complexity of the vehicle, it
became evident that a radical change in the operational modeof launches would be
required for space transportation systems such as the Saturn V and future systems.
It was further recognized that after initial test flights the Saturn V system would be-
comeoperational in muchthe same sense as modern jet aircraft and would require a
spaceport to serve the needs of the space programas a national resource for many years.

The above considerations resulted in the development of a mobile concept wherein the
rocket would be assembled and checked out with the spacecraft in the protective en-
vironment of a building, and taken to the pad only when almost ready for flight. This
would permit uninterruptedwork in the erection arid checkout process, provide greater
assuranceagainst countdown problems, and materially increase the frequency of launches
fromthe same pad. The meansof transporting the vehicle to the pad couldalso be usedin
an emergencyto return the vehicle to its hangarwith all connections intact and again
transport it to the pad when the storm is over.

Such a concept embodies muchmore than just a brick and mortarconstruction effort..
iLrequires a complexwith principal features to Include.

- a hangar big enough to housethe Satutn V rockets, each standing364 feet tall.

- a mobile launch base on which the rockets will be assembled and from which

they will be launched.

- a methodof transportingrocketsand launchersweighing i2,000,000 pounds
a distance of .3.5 miles to the firing site.

- a service structure that enables technicians to completepreparationof the
Apollo spacecraft at the launch site.

- a control center fromwhichall theseoperationscan be monitoredandcont,'olled.
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To bring such a col]cept into operatiollal reality _ro,_e_ted one of the _llajor tecli_lological
challenges of the century. Each of the principal reature_ menti_lned above had to he dR-
signed and constructed c,oncurrently to meetthe time restrail]ts imposedliy the Apollo Proqram.

In addition, the vehicles to rise these vast facilities wore not even in existeilc_. The
Saturn V launch vehicle and Apollo spacecraft were only in the desiqn stage and would
be built at the same time - yet the latinch facilities (a new concpt in themselves) must
function properly for the first test vehicle to be launched.

As previously stated, managementphilosoplly at KSC may be expressed as ..... "doing
what you said you would do". The restllts of this philosol)hy in acttlal practice, as
achieved by the governinent/industry team at KSC, are dramatical ly portrayed in Figure 5-1..

,_ .,_ !

Artist's Concept Prior to Construction Actual Facilities (1967) in Use
During First Saturn V Launch

Figure 5-1. Launch Complex 39

Site Activation entails the construction, outfitting, installation, and checkout of facil-
ities and ground systems. By their nature, these activities are rather prosaic when
comparedwith the drama and excitement of a launch countdown. Nevertheless, the
activation of Launch COmplex39 at KSC has been an exceedingly complex m_dmon-
umental effort, one which has taxed the imagination and Inanatterial skills of all.

Tl]e basic task has been that of providillg new facilities to support and latnlch a space
vehicle many times larger thai] any previously developed. Major facilities include the
Vehicle A_sembly Building, Mobile Latlnchers, Crawler-Transporters, and Lannch
Pads. The sheer size of these facilities stretches the imaftination, yet the precision
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Ot_a watchmakeris noted in the harmoniousblendi_lgof Ledlnicalskills whichcreated
the tremendous_tructurespictured in Section 1.

Consider, for example, the size of the VAB. This structurehas anenclosedvolu411eof
],29- rail:lioncubicfoot, nearly as Largoas the combinedvolumesof the nex_two largest
buUdingsin.the UnitedStates, t.hePer?tagm_,andthe ChicagoMer.chandi.seMa_t.
Seventy-twoedifLcesthesize of the WashingtonMonument,would easily fit within the
High BzLyarea, barely protrudingat l,he top.

Theenormityof LC-39 faciliUes is not the only factor ¢ontributil_j to the complexity
of.t,he task. Installed within these facilities- arethousandsof componentsandsubsys-
t,ems._Some.34,000 individual end itemsand 60,000 cables arecontainedw.ithin
t.hebasic LC-39 structures. Duet.oadvancementin the developmentof launchvehicle
andspacecraftsystems, manyeng.ineer[ngchangesandnew r.equ'i.rementshavebeen.im-
posedduring,sit.eacUvaLion. It hasbeenessential to prom.pt!y,incorporatethese require-
menLsinto.thecontinuing activation task.

The designof LC-39 facilities andequipmentwasaccompli.shedby manyNASA organi-_
zationsandcontractorsat widelydiverse locations. Furthercomplicatingthe task has
beentherequirementto integratethe efforts of_fifteen craft co,factors, five aerospace
con.f.racto:s,andeigh_mission.supportcontractors. To meetschedules,co_serve
resources,ancLachi_vepositive control, i_wasnecessaryto integrateand_properly
phase-mauy[ndivi.daal.offers into the-A_e[l_/Sa_urn_V:Ping,am..Sc.hedu.l.e., O_Lyti_Oug_
a hlg.hdegreeof tear_otk weretheseeffo_tssu.ccessful.lyconvectedinto the imposing
eiements_o[_thelaunch¢omp!ex__.sucha_s__t..___Cr_aw!_-_T_ran_orteLs_how.__[_Fjgure5-2.

_'_

.... ::.,-.,

•., -
J

Figure 5-2. Crawler-Transporter
5-3 -
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TECHNIQUES

PLAN .... ORGANEZE.... EXECUTE .... ASSESS. These are tne steps undertaken in
any well-managed effort. The plall for LCZ,9 aclivation had been established; the
next step was that of organizing to carry roll tl_e plm:.

SITE ACTIVATION OFFICE

The concurrency of construction and development of LC-39 coupled with the large num-
ber of participants, required a single agency to managethe activation task. To meet
this need, the Site Activation Office (SAO) was formed under the KSC Apollo Program
Office to provide centralized overall mana_jerr_entof the Apollo/Saturn V activation
effort.

Specifically, it was charged with the responsibility to:

a. Develop and maintain activation schedules and Program Evaluation and Review
Technique (PERT) networks.

b. Identify problems and effect their resolution.

c. Furnish the Apollo Program Office with periodic reports on activation progress.

To assist in its responsibilities, a Site Activation Board (SAB) was created under the
jurisdiction of the SAO (see Figure 5-3). Essentially, a managementteam drawn in
task-force fashion from key KSC NASA organizations, support Contractors, and stage
and spacecraft contractors, the membersof the SAB represent top-level management,
and, as such, speak and act authoritatively for their organizations. Single point man-
agement direction is achieved by appointing the SAO Chief as Chairman of the SAB.

' ' _R_sc m_CONTRACTORSI IEQUIPMENT _II_IEAT
I 51NPUSmIALI _0OOO IrA_ii[fi_l 12 I"__!'v"'tOl.,_,,,.,_ I
II_CP_FT I I]'EllIL¢, I"'-;E ..... I I I]O.(]_o I r_vilvvl_o I
I'°_R__ '_ _ I"_ I

' ji , . , ' "

Figure 5-3. Silo, Activ,:_ti,)n Board
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The upper tier was now organized to meet the challenge, and things began to get done,
problems got solved. However, because of the scope of the tasks involved and its
high-level managementparticipation, the SAB could only function efficiently by attack-
ing the most significant problems. To resolve problems of a detailed nature, or those
requiring extensive followup, the SAO Chief created a number of Working Groups.

Any craftsman must have tools with which to work, and, in this respect, a manager is
indeed a craftsman_ In performing its function, the SAO has utilized certain manage-
ment tools which are based on the concept of managementby exception. Thus, manage-
ment attention is focused directly on problem areas or "exceptions" and is not hindered
by constant, voluminous status reviews of tasks which are proceeding smoothly.
Obviously, this concept is of utmost value in a large, complex, diverse situation, and
its use in activating LC-39 proved most valuable.

PERT

Perhapsthemostimportantof_hetoolsutilizedwas theProgramEvaluationandReview
Techniquewhichinvariousformshasbecome fairlywidespreadingovernmentandindus-
try.Justaboutcveryoneevenremotelyconnectedwiththeaerospaceordefenseindus-
tryhasatleastheardofPERT; itiseitherpraisedhighly,orsoundlycur_ed.Forthe
activationofLC-39, oneoftheveryrealbenefitshas beenthatITMADE PEOPLE
PLAN THEIR WORK. Iftherehadbeennootherbenefits,thisalonewouldhavebeen.....
worthitscost. The PERT operatingcharacteristicsareillustratedinFigure5-4.

Figure 5-4. PERT at LC-.39
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Site Activation Office PERT utilized three levels (Level C, B0 and A) of networks
progressingfromdetailed to summarylevel. To implementthe systemfor LC-39, the
SAO developedsummarymilestone networks(Level A) fromthe Master ProgramSchedules
established by the Apollo ProgramOffice. Level A networksprovidetop management
with visibility of the Master Activation Schedule. Level B networkswere created to
further define and identify approximately2,900 significant events whosesatisfactory
accomplishmentwould assure timely completionof the activation effort. Within these
guidelines, Level C networkswere developedby each of the aerospace, missionsup-
port, andcraft contractorsto identify in detail those tasks for whh:heach was responsible....
A cyclic review andupdatingbetween Level B andC networkswas begun, andeffectk_
integration of contractorwork becamepossible. Because of scheduleandplanning
changes, review cycles continue to be necessaryand are nowconductedbiweekly

By meansof PERT, morethan 40_000 activities required to accomplishprogram
objectives on time havebeen defined and the summarycritical paths identified for man-
agement. PERT has allowed the SAO, as focal point for all status andchange report-
ing, to continnouslymonitol_prmjress, schedule major activation tasks, maintaincurrent
schedules, and isolate problemareas requiring attention frommanagement. Having
integrated the many activation tasks into logical networks, the SAO ts able to con-
tinually analyze the pro_jrama=_d,where ilece_sary, take appropriatecorrective action.

Onething that PERT is not is a panacea for all managementproblems. Thi_,was recog-
nized dnril_cjthe activatio-_phase, and it was found desirable to direct management
attention Lomany specific areas of concern. For examl)lee in any iftstallation wh|ch
involves manyelectrical connections, the questionof cable identification is a serious

_ one. The problemat KSC was particularly acute due to the complexity aridadvanced
: technologicalstate of LC-39. Consequently, a Cable Tracking Systemwas instituted

which listed 60,000 individual cables, their physical descrtptimt, routings, anduse.
This was a very difficult task which reqtiiredrirjid discipline to ensure total identiflca-

: tion by desi_jJ_erand user, ht,t uponor;repletion, it was found to have exceptional value.

EQUIPMENT RECORD SYSTEM

The identificationand tracking of GSE to be installed wtthi, andupon_hebasic launch
complex structure__ presented a similar problem. The installed GSE wa_ordered from

manydifferent sources, was both ¢jover.mentand contractorfurnished, a'_Idwas neededon handat specific times within the activation schedule. It was dlfficnltyto secure a
basic identification of equipmente.d ite,_s which Werewlthi, the plamlilj(gresponsibili-
ties of the manydiverse organizations. Each unit was fulfilling the re_l._rementsof its
own organi_ation, but informationconcernin_jits equipmentwas notr_.d'dtly availafde tO
other o_ganizationsfor interface purposes.

To correct this situation, an Equipmc_t Record System (ERS)which listed approximateiy
40,000 illdividual end items was impleme,ted. Tile ERS is designedto lisi. the
req:lisite_ for LC-3 c) ac_iv;ltion am!providesa computr:r-prop_ed data recordfor all

5-6
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launch complex hardwarerequired. Tile prime purpose of the ERS is to provide a stan-
dardized means for the identification and control o[ deliverable GSE end items. Speci-
fically, the ERS allows SAO managementto monitor total allocation of GSE at KSC,
to maintain a record of use-location assignments, and to establish the required on-hand
dates for all GSE. Site activation planning is enhancedby segregating GSF' according
to installation, assembly, and test. Also, the ERS allows the monitoring of delivery
status, provides a source of current data for use with contractor PERT networks, and
SUl)portsconfiguration managementby listing applicable drawings and specifications
associated with each deliverable end item (see Figure 5-5.)

3cc,lZd, A,AUOTATaVEsouncE
10[NTIIqCAThON AND STATUS OF 0-0.000 ITEMS OF G S E

ii

Figure5-5. Equipment I_ecordSystem

CONTROL CENTER

To pi'ovidea properenvironmentfor performingthe manacjementfunction, a Site ACtiva-
tion Contr¢l Center (SACC) was establishedby temporarilyreconlicjuringFirhig Room4
of the Launch Control Center. This center provides one area in which all aspects of the
activation effort are integi'ated, both physically and hmctionally. Specifically, the
SACC provides a managementillformation display and analysis area, and a work and con-
ference area. Th_ SACC is also equippedwith m_dioand visual aids, displays, and
models to permit VIP briefinrjs, familiarization lechlreS, aol¢is_thqrol,p_eetincjs.
Becauseof the (jreat national interest in the pro_jra_, the control center has re=ldered
all extremely valuable service in t)rovidin(j visitinr! diqnitaries witt_ a quick-look under-
standin_jof the activation effort and (joals as shown in Fi_,re 5_6. The efforts of _,_any
individltals are required to analyze, process, and record the dala that is displayed.

5-7
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Level A ai1dB Networks Level C l_eL_'_orks

Figure 5-6. SACC Display Roo_
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CONTROL AND COMMUNICATION

"The best laid plans of mice and mengang aft agley," said Robert Burns. At Launch
Complex 39, somevery good plans have indeed often gone awry. This, however, was
to be expected and is recognized by managementat KSC as being the nature of its
dynamic industry. Therefore, the SAO has been well preparedto deal with abrupt
changes in plans and has taken the necessary steps to deal with the greatest inherent
danger, lack of adequatecontrol and communication.

To assure effectiveness, the SAO Chief directed internal and external assessments
of his efforts. The external assessment provides an overall analysis of the management.
system while internal assessment is achieved by trend charts depictbtg, in summary,
equipment installation status, and scheduled event completion status.

Protective measuresare instituted to ensure that the mechanics of the PERT system
function properly. Audits are conducted periodically to verify the rationale being used
to develop or modify the networks. Procedures are established to document exceptions
and to coordinate their revision with the applicable contractors. Spot critiques are
madeby the SAO to assure uniform functioning of the system. These critiques view the
lowest level networks from a standpoint of network logic and mechanical accuracy.

As previously noted, working groups were formedto carry out the day-to-day duties of_
the SAO. Seven such groups operate as entities under SAO control and have greatly
facilitated communications throughout the total organization. These groups utilize a
lower managementlevel as specialized representaUves of the various participating units.
Thus, the team concept has been retained in a practical manner-_ith membershipreach-
ing into each of the manygroups involved in LC-39 activation. Having first hand
knowledgeof interface c.omplexities has been vital to the effectiveness of the working
groups. For continuity of management, the chairmen of the groups are participating
membersof the SAB.

A limited numberof formal meetings are held on a periodic basis in accomplishing the
functionsof the SAO. Coinmunicationsbetween the many organizations are thus im-
proved, and focal points are established for documented fOrmalreplies to actioii assign-
ments. Characteristic of such meetings is the SAB which meets biweekly. Activation
Status is presented, managementproblemsdiscussed, andp_'oblemresOlutioneffected
whenpossible. To assist in problemresolution, a systeni of action assignments iS
evolved wherebymajor problemsare clearly defined andassuranceof timely response
is given. To kee_ all me0tibersinformedof subsequentdevelopments,the status of
action assignmentsis presentedat each meeting anddocumentedin the minutesof the
meeting.

At the direction of the SAO, a numberof special reports are issued fromtime to time to
to satisfy specific needs. For example, particular managementemphasishas been
requiredin resolving technical problemsin the Mobile LaUncherService Ann System.
A daily status report of changes being incorporatedin the systemwas utilized to achieve
the properdegree of managementattention.

5-9
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Certain basic reports have beenessential in the day-to-day functioning of the SAO, and
these have becomean integral part of the managementsystem. Typical of these is the
PERT Analysis Report (PAR) which is basedon a detailed analysis of _.hoseproblems
determinedas critical by computerrums. The analysis highlights problemareas,
determines their magnitudeand impactof majorobjectives, and indicates organizational
responsibility. The PAR functions as the official SAO status report of activation prog-
ress and providesa system-orientedevaluation for each of the major facilities.

MEASURE OF ACCOMPLISHMENT ...........

The commercial fisherman has a very simple means of measuring his accomplishments.
At KSC, management, too, can show visible measures of its accomplishments, pointie,g
with pride to the VAB, to the awesome sight of 17 million poundsof Launcher, Cr.aw.ler,
•and Space.Vehicle moving ponderously to the launch Pad, where just 5 years ago there
was nothing but sand, palmetto, and a quiet brackish loon. Certainly, the effective .....
ness of managementis not measuredso simply, and a somewhat more sophistic_ed yard-
slick must be used. Looking, therefore, to the goals.established by the Apollo Pro-
gram Office, it is evident that a high degree of success has been achieved. Those
facilities required for the first Apollo/Saturn V launch, that is, the LCC, the VAB,
LUT 1, Pad A, MSS, and CT 1 have.all been activated. She remaining facilities at
LC-39 are nearing completion on schedule, and it is expected that the entire complex
will be completed during the latter portion of 1968.

Specific achievements of the conceptof managementby exception included the meeting
of two key milestone-_which were established at the inception of the site activation_
effort. These were the moveof LUT 1 into a high-bay cell of the VAB in orderto
erect a facilities verification test vehicle, and the subsequentmoveof this vehicle to
the Pad, oneday aheadof scheduleon May 25, 1966_ This test vehicle was used to
check for possible physical interferencesand to validate the propellant loading systems
prior to first use by a flight vehicle. These events occu_ed on scheduleprimarily due
to the fact that the SAO was able to integrate andcoordinatethe activities of many
NASA organizations andcontractors i=lto-one_..ohesi_veeffort.

The manacjementconceptand techniques provenduringsite activation are now being
phased into the operational portion of the Apollo/Saturn V progi'am. As additional
facilities becomeactivated, the requirementfor site ac:tivationdiminishes. Thus,
individuals are being pllased into operations. Portions of the pt'esentationanddisplay
area have alreadybeen ttlrned over to operational personnel to d_Splayspace veliicle
processin(ischedulesand status.

What has been achleved at LC-39 was accomplishedprimarily through the application
of advancedmanagementconceptsand techniquesadapted to the very latest space
technologies. The facilities at LC-.39 requireda substantial governmentalinvestment.
The managementsystemdescribed assuredthat this investmentwas well protected by
allocating manpowerand other resources such that the particular facilities required for
each fli.jht vehicle were the first activated ia a time sequenceconsistentwitli the launch
schedule requirements.
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SECTION 6
MANAGEMENI SYSTEMS_IMP ROVEMENT S..................

NEED FOR IMPROVEMENT

There is no "best way" in aerospacemanagement. Many of the problemsand manage-
mentchallenges at KSC have been identified in this document._Since problemareas
changerapidly as the state of the art improves, it follows that the old methodsare not
adequateto solve them. Thus, it is requiredthat constant effort be applied to the
design anddevelopmentof new and better managementSystemsas well as the impmr_e--
ment of existing systems.

Due to the rapid developmentof technical operations and facil ities at KSC, it has been
necessary,to develop and implementthe various managementtechniques as concurrent
efforts by different groupsof individuals. The magnitudeand comple-xityof these efforts
have been compoundedby the dynamicandchangingnature of the activities. Because
of this, the degreeof implementationhas varied andsomeredundancyhasdeveloped-in
the acquisition and use of data commonlyused by morethan one organization. This
example is oneof manywith a potential _orimlLEovementthai;could be cited and that has
resulted from the growingpains of KSC.

In the effective exercise of managementthroughthe four basic applications of plans,
organization, implementation(execution), and assessmentaLKSC, great progresshas
been noted in the first two with considerable achievement in the latter two. Plans and
techniques have beendevelopedto copewith the managementproblemsand the organi-
zation has beenest'_ltshed for fulfillment of these plans. As noted above, however,
inlplementationof the managementtechniques is not yet complete and assessmentpfac-
tiJcesare faced with problemsof expandingscopeas the vobme, soul,ces, complexity,
and types of data continue to increase.- Therefore, the major emphasisfor improvement
at KSC will be in those areas of greatest needandpotential althoughefforts will con-
tinue for the improvementof all phasesof management.

PLANS AND ACTIVITIES TO IMPROVE MANAGEMENT
ii ii

The varied KSC activities for which improvementefforts are plannedcan best be sum-
marized under the one generalclassification of managementvisibility which will i'e(_eive
concentratedattention with respect to providingmanagementwi.thmoteadeqtiate, timely,
and significant information uponwhich to base managementde(:isions. Someof the
areas to i)e included in plannedimprovementsat KSC are discussedin the paragraphsthat
follow.
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GENERAL IMPROVEMENTS

The unceasing need for improvedsystems andtechniques to enhancemanagement
effectiveness is recognized and will be fulfilled as follows by continuing efforts to.

a. Study, improve, and refine existing managementdisciplines and practices at
KSC. Particular attention will be directed to strengthen areas of weakness,
clarify vague and overlappingdefinitions of responsibilities, promoteeffective
responseto managementdirections, andgenerate plans adequate for implemen-
tation with minimumchanges.

b. Complete the effectlve implementation, use,and coordination of exEstingK$C
managementtechniqueswithin organizational elements at all levels where such
efforts are appropriate.

c. Revise the KSC organizational structure, as required, to provide flexibility
for adjustment to changes of policy, technology, operations, and general
problemareas.

d. ' Standardize andsimplify the technical language (terms.,expressions, abbrevia-.
tions, inputs_,outputs, formats, charts, displays, etc.)and processing
techniques, striving for reasonable consistency with Apollo Program Directorate
guidelines, in the communication of managementvisibility at KSC. This
would provide a greater commonbasis for understanding and reduce the com-
pounding complexity of information and data disseminated amongthe manage-
ment interfaces at KSC,. In addition, it permits an easier _tr-_nsiUan._tothe
use of automated electronic processing methods.

e. Research and evaluate managementsyStems and techniques used elsewhere in
governmentagencies and private industry (both aerospace and non-aerospace)
for applicability to KSC managementactivities.

f. Design and develop new rrtanagementtechniques and systems, as required, to
cope with new challenges imposedby state of the art changes in aerospace
technology.

INTEGRATION. OF MANAGEMENT SYSTEMS

Uniting the various managementSystems (Separately implementedat their inception) at
KSC into an overall integratedsystemwill be one of the majorimprovementgoals at
this Center. An Integrated systemwill do muchto reduce redundancyof efforts and
promotemoreefficient exchangeanduse of interrelated information, it will blendthe
judgelnents, aSsumptiOns,and decisionsof managementinto the disseminationof man-
agementinformatiOnthat reflects quality, accuracy, timeliness, relevancy, andcontents
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sufficient to permit effective programmanagement. In addition, it will minimize the
r.JSks of rlPci_inn_ hn._d on__inco.mpleteand inaccurate data.

As one of the more tangible benefits to be realized from an integrated managementsys-
tem, it is envisioned that managementvisibility will be improved by a system of reports
(with redundancies, errors, and nonessential data removed) that will provide informa-
tion geared to the needs of each managementlevel requiring written information. It is
further envisioned that these reports will be issued on a timely basis to provide (in
advance) answers to the questions normally asked by each level of management. Pro-
visions should be made to provide the ability for quick response to reflect the impact of
a contingency or change in any one report area upon all other _eport areas affected._ A
real-time updating capability for Lhe sources of such information is requil'ed. Because
of the mass data that must be processed and analyzed to achieve these ch_r-f.eristics,
it is presupposed that a significant use of Automatic Data Processing equipn tt will be
required.

The implementation of an integrated managementsystem will be in accordance with
established organizational and functional responsibilities. Existing organizations,
processes, procedures, standards, and plans will be utilized to the fullest extent,
including extraction of data from existing managementsystems to minimize duplication
and additional reporting requirements. Under the direction of the KSC Apollo Program
Manager, the Program Control Office will coordinate and integrate the development of
this system and assist in the establishment of proper policies to assure continuity and
compatibility of plans, procedures, and processes. The implementation of procedures
and processes, including data validation and interpretation, will he the responsibility
of user organizations.

USE OF AUTOMATIC DATA PROCESSING (ADP) EQUIPMENT

ADP meanscomputers, a magic word in the technological age of today! They have the
capability of processing huge volumes and varieties of data with extreme speed and
accuracy. They can search, sort, retrieve, rearrange, calculate, apply logic decisions,
solve problems, performcountless iterations, and produce varied outputs from data fed
into them. Yet computers are electronic moronswithout the guiding genius ol_human
intelligence which is required to plan each instruction to be executed by these machines
in their processing actions. Computers can make mistakes and create erroneous infor-
mation thousands of times faster than man if they are not properly used. This point is
emphasized to identify the need for the systems and methodswork (commonlyassociated
with InduStrial Enghieering) required for accomplishment of the improvementssuggested
in the preceding paragraphsof this section. With proper use, computerscan be used as
a powerfultool in conjunctionwith (but notwithout) the managementsystemsefforts
mentionedabove to improvethe exercise of managementat KSC.
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Computersmake possible the automation and integration of systems (both so.tt-wareand
hardware)that would be impractical, inaccurate, unwieldy, too slow, and too costly for
implementation by manualmethods.. For this reason muchof the managementsystems
integration effort at KSC is expected to be closely associated with the use of ADP.
Not only will this result in improvedmanagementvisibility throughcoordinated, timely,
and integrated written reports, but it will make available the capability of real-time
display of pertinent information at control centers and key managementlocations for
moreeffective managementdecisions and assessments.

Anothel' area of improvem_'ntto be gained through the use of ADP is the development of
practical and effective sin..J .ld retrieval systems to permit real-time exchange of
technical data and informatim__l,_ng the MSC Centers and NASA Headquarters. 1 hrough
the use of data banks at each installation, each installatlon carl intm'rogate the other for
data and/.or answers that are part of the information reservoir (in memory)at that location.
The Apollo Management Information Retrieval System (AMIRS) and the Apollo Documen.....
ration Management Information System (ADMIS) are two of many systems currently under
development and consideration for these purposes. KSC expects to play a vital role in
such efforts.

Microminiaturization of computer componentsis expected to have a profound influence
upon KSC operations._ The resultant savings in weight will make possible the use of
onboardcomputersin each space vehicle stage for preflight self checkout and i_light
stage control with backup redundancyby the tieing together of suchcomputers. This
would provide the potential for elimination of hundredsof pieces of groundsupport equip-
ment. Such an eventuality would result in less people required for checkout and launch
with a correspondingdecrease in coordination and communicationproblems. It would
also result in a dominoeffect as.a reduction in facility, power, communications,and
supportwould be achieved. Higher reliability would be obtainedby employingtriple
modularredundancytechniques. Imagine the impact of such developmentsupon KSC
management!

Not only is the use of ADP at KSC expected to aid in the solution of current problems
as they arise, it is to be used for trend analysis to alert managementto potential prob-
lems before they occur. By using prediction techniques, it will be possible to avoid
costly emergencyactions, schedule slippages, cost overruns, and potential disaster
situations.

In summary, the increased use of ADP at KSC will result in achievement of the follow-
ing managementsystems goals:

a. Commonintegrated data banks.
b. Selective and flexible retrieval.
c. Timely response.
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d, Systemintegrity with implement.ationandcompliance.
e, Uniformityof informationandexpeditedcommunication.
f_. Government.andcontractormanagementvisibility a_.ail levels.
g. Costminimization,
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